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ABSTRACT
The purpose of this study is to empirically and systematically investigate how 
Information Technology Infrastructure (ITIC) and Knowledge Management (KM) can 
improve Project Performance (PP). The study also aims to recommend the best model 
how to predict PP based on ITIC and KM and seeks to discover possible relationship 
between factors that affect the PP based on demographic background of the construction 
consulting companies. This study deployed sequential mixed methods conducted over 
two phases. The first phase is the quantitative approach where one hundred and forty 
three practitioners from the Malaysian construction consulting companies were selected 
to form the sampling frame. The second phase is the qualitative approach where seven 
practitioners were selected for detailed interview and observation. In the quantitative 
study, single mean t-tests were conducted to identify whether the level of KM, ITIC and 
PP are significantly high, where as One-way ANOVA and independent sample t-tests 
were conducted to identify which demographic variables have influence on the 
components of Project Performance. Subsequently, correlation and multiple regression 
analyses were conducted to identify the correlation and model that best predict PP based 
on ITIC, PP and demographic variables. A positive correlation was found between KM 
and PP as well as ITIC and PP. As for multiple regression, a best model comprises of 
selected variables from KM, ITIC and demographic variables was derived. The 
qualitative research also conducted to complement and expand the findings from 
quantitative study. Significant patterns and themes were identified and the findings 
suggest that the internal and external factors as well as barriers are the contextual factors 
that affect the implementation of KM and ITIC to support PP. Finally, the revised 
framework of KM-IT-PP based on the findings from quantitative and qualitative analysis 
was recommended accordingly.
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ABSTRAK
Penyelldlkan inl bertujuan untuk mengkajl secara implrlkal dan slstematlk 
tentang bagalmana keupayaan lnf^astruktur teknologl maklumat (KITM) dan pengurusan 
pengetahuan (PT) boleh menlngkatkan prestasl projek (PP). Penyelldlkan ini terbahagl 
kepada dua fasa. Fasa pertama menggunakan pendekatan kuantltatlf dl mana 143 staf 
darlpada syarikat perundlngan pemblnaan dl Malaysia dlplllh untuk kajlan ini. Fasa 
kedua menggunakan pendekatan kualltatlf dlmana 7 orang staf dari syarikat perundlng 
telah dlplllh untuk dltemuduga secara mendalam. Melalul pendekatan kuantltatlf, ujlan-t 
satu mln dlgunakan untuk mengenalpastl tahap perlaksanaan PT, KITM dan PP. Dalam 
masa yang sama, ujlan ANOVA sehala dan ujlan-t bersampel bebas telah dlgunakan 
untuk mengenalpastl maklumat latarbelakang syarikat yang memberi kesan kepada PP. 
Seterusnya, anallsa kolerasl dan regrasl berganda dllaksanakan untuk mengenalpastl 
korelasl dan model terbalk untuk meramal prestasl projek berdasarkan KITM dan PT 
serta latarbelakang syarlkat. Terdapat korelasl posltlf antara KITM dan PT dengan PP. 
Bagl regrasl berganda pula, model terbalk telah dlkenalpastl yang terdlri darlpada 
sebahaglan dari pembolehubah KITM dan PT serta latarbelakang syarikat. 
Walaubagalmanapun, ujlan tersebut tldak dapat membuktlkan kesan latarbelakang 
syarikat kepada PP. Dlsamplng ltu anallsa kualltatlf menyokong hasll kajlan kuantltatlf 
dl mana pola dan tema pentlng telah dlkenalpastl. Maklumat pentlng yang telah 
dlkenalpastl yang memberi kesan kepada perlaksanaan KITM dan PT dalam membantu 
menlngkatkan PP adalah beberapa faktor dalaman dan luaran serta halangan. Akhlrnya, 
konsep hubungan pengurusan pengetahuan, keupayaan lnf^astruktur teknologl maklumat 
dan prestasl projek dlhasllkan berdasarkan darlpada hasll kajlan kuantltatlf dan 
kualltatlf.
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CHAPTER 1
BACKGROUND OF THE RESEARCH
1. Introduction
Construction consulting companies are among the critical players in ensuring 
the success of construction projects. The main roles of construction consultants are to 
assist the client and contractor in designing, cost estimating, scheduling and 
planning, construction project management and trouble shooting or resolution 
services (Ministry of Railway-Government of India, 2007).
These days, construction industry is a very competitive and risky business. It 
faces many problems such as not receiving enough co-operation, limited trust, and 
ineffective communication often resulting in low project performance. Throughout 
the last two decades, a considerable amount of research has been done on identifying 
important factors that affect construction project performance (PP). To date, 
however, researchers have not reached a consensus as to what are the most important 
or critical factors that influence achievements with respect to each performance 
measure (Beamon, 1999). Most construction projects are large, extensive, expensive 
and are subject to tight schedule and budget (Chao, 2001). Many of construction 
projects fail due to being incomplete, over budget, or late. Sir Michael Latham (1994) 
in his report, Constructing the Team stated that poor project performance was caused 
by lack of attention to the details relating to project structure, communication, and 
execution. Also he argued that construction consultants such as design architects and 
engineers played a major role of the project decline. This was proved by the amount of 
insurance and damaged claimed in construction arbitration cases (Latham, 1994). Until
2recently, the claim is still valid where in 2001, report from Construction Industry 
Review Committee still highlight the same problems exist in American's 
construction industry. Furthermore, report from the Global Construction Survey 
(KPMG, 2008) found that eighty four percent of the survey's participants from 
global contractors agree that they are having construction problems including low 
project quality and project delay due to chronic skill shortage.
In Malaysia, based on the latest report from Pusat Khidmat Kontraktor, many 
construction projects in Malaysia have failed due to the project performance issues 
including budgetary, quality and schedule problems (Pusat Khidmat Kontraktor, 
2007). Hence, the Government of Malaysia through Ministry of Entrepreneur and 
Co-operative Development is strengthening the mechanisms for project monitoring 
to ensure high project performance in construction industry (Report on Effectiveness 
of Policy on Permit Approval to Contractor Class F and Proposal for Improvement, 
2005).
In the new construction era, a construction project needs to be more unique, 
complex and custom-built to fulfill the customer's requirement. At the same time, 
the success of construction projects are influenced by many variables and, sometimes 
subjected to unpredictable factors. Furthermore, in general, there is a shortage of 
specialized and supervisory staff conversant with latest construction techniques in 
construction developer. Hence the role of construction consultants to influence the 
management of the project is very important in order to ensure the management and 
supervision of the construction project is done professionally and at the same time 
helping the developer to control the schedule, cost and quality of the project 
(Ministry of Railway-Government of India, 2007). The overall influence of project 
consultant is to add value to every stage of project life cycle.
As major players in the construction industry, construction consulting 
companies which provide the expertise and professional advice need to find sources 
to sustain the competitive advantage in an unpredictable environment. Based on 
Nonaka and Taguechi (1995), one of the major sources of sustaining competitive 
advantage is knowledge. Organisations have started realizing that assets include
3knowledge assets such as human skills, experience, know-how, best practices, 
databases provides opportunities to cut cost, save design time and reduce processing 
time. As part of the supporting element to knowledge, Information Technology 
Infrastructure Capability (ITIC) has been identified as one of the critical factors for 
effective Knowledge Management (KM) (Junnarkar and Brown, 1997; Trussler, 
1997; Ruggles, 1998; Syed, 1998, Skyme, 1999, Sarvary, 1999, Zack 1999, Choi, 
2000).
Many construction consulting companies employ KM and ITIC programs in 
one form or another to manage and share their knowledge, particularly, to store and 
transfer explicit forms of knowledge as well as for capturing and storing tacit 
knowledge in repositories which are becoming increasingly vital to enhance 
organisational effectiveness (Rasli et al., 2004).
Though realizing that KM and ITIC shall affect Project Performance (PP), the 
question of what are the critical components of KM and ITIC to be focused 
strategically and the best combination of KM, ITIC and demographic background 
being implemented to achieve positive impact on PP in construction consulting 
companies is still open for research.
With regards to the performance of construction based projects, Abd. Majid 
et al. (2005) has highlighted that new skills, mind-sets, models and commitment as 
well as new ways of interpreting the concept of effective management are needed to 
improve construction project performance. The study derived a model based on a 
matrix which identifies the categories of KM as well as ITIC and PP within 
Malaysian construction consulting companies. However, no clear relationship 
between KM, ITI and PP was studied in the research.
1.1.1 Knowledge Management
Knowledge Management (KM) can be defined as a systematic and strategic 
approach of managing knowledge through KM cycle starting from discovery until
4recreation of new knowledge to turn an organisation's intellectual assets into greater 
productivity, new value and increase competitiveness (Choi, 2000). KM also 
includes the entire process of discovery, creation, dissemination, and utilisation of 
knowledge (Kim, 2001).
There is no longer any doubt among practitioners and academicians about the 
significance of KM to organisation. Among the important literature to KM are 
"Know How CompanyS (refer Sveiby, 1980) and E^he Knowledge-Creating 
CompanyS (Nonaka and Takeuchi, 1995). Davenport and Prusak (1998) introduced 
the concept of "Working Knowledge" which presented successful KM case studies 
and provided practical advice about implementing KM system. KPMG Consulting 
highlighted that KM has been adopted by eighty percent of the world's biggest 
companies (KPMG Consulting, 2000). International Data Corporation shows that 
KM shifts from early adopting phase towards majority phase (Dyer, 2000). 
Furthermore, Dyer stated that in early adopting phase, companies tried to implement 
KM activities such as documenting all business processes to capture explicit 
knowledge as well as initiating the intellectual discourse to capture tacit knowledge. 
As in majority phase, companies started to establish KM infrastructures such as 
special unit to manage KM activities as well as ITIC infrastructures to support KM 
(Dyer, 2000).
In recent study, various KM initiatives have been introduced such as 
collaboration initiatives in work group sessions where it is designed to protect and to 
maximize each participant's interest and to allow each participation to raise her/his 
voice, as well as becoming the speaker or the documenter of the group (Ataov et. al, 
2009). Subsequently, a study on KM introduced Logistic Operations Knowledge 
Dissemination (LOKD) which is defined as logistic operation personnel's timely 
sharing of knowledge of the business environment with appropriate logistic operation 
and other personnel within the firm and constantly scanning the business 
environment which will improves the likelihood that knowledge is captured 
promptly, making it available to disseminate in a timely manner, increasing logistic 
operation knowledge dissemination (LOKD) (Stock et al., 2000; Flint et al., 2002; 
Chen and Paulraj, 2004; De Treville et al., 2004; Gunasekaran and Ngai, 2005;
5Kotelnikov, 2006; Rosenzweig and Roth, 2007). In a later study by Dantas and Bell 
(2009) found that through a thorough analysis of network emergence and 
development, the following five selected properties of knowledge networks in late- 
industrialising economies: intentionality in decision-making, nature of technological 
accumulation activities, content and direction of knowledge flows, sources of 
knowledge flows and division of labour in knowledge production.
Furthermore, various KM system have been developed such as e-COGNOS 
(e-Cognos, 2000) which is designed to manage knowledge of construction industry, 
PROJECT MEMORY (Reiner and Fruchter, 2000) focused on the development of a 
project memory capture system for design evolution capture, visualisation and reuse 
in support of multidisciplinary collaborative teamwork, CLEVER (Kamara et al., 
2002) focused on the development of a framework for the transfer of knowledge in a 
multi-project environment in construction, KLICON (Patel et al., 2000) focused on 
the role of IT in capturing and managing knowledge for organisational learning on 
construction projects, KNOWBIZ (Robinson et al., 2003) which is developed for 
improved business performance aimed at establishing the link between knowledge 
management and business performance in construction firms and CSAND (Khalfan 
et al., 2003) which is designed for creating, sustaining and disseminating knowledge 
for sustainable construction.
1.1.2 Information Technology Infrastructure
An empirical study on construction firm performance shows that ITIC is 
positively associated with firm performance, schedule performance and cost 
performance. The study shows that for every 1 unit increase in IT utilisation, there 
are increments of about 2, 5 and 3 percents in firm performance, schedule 
performance and cost performance respectively (Mashaleh and O'Brien, 2004). 
Furthermore, ITIC has also been recognized as an important supporting element or 
enabler to successful KM (O'Dell and Grayson, 1998; Weil and Broadbent, 1998; 
Skyrme, 1999; Choi, 2000). Most of successful KM projects are associated with 
ITIC; Ruggles (1998) found that four most popular KM projects are related to ITIC
6in a survey of 431 U.S. and European companies. Technology advancement in IT 
creates opportunity to manage knowledge efficiently and effectively to support 
project performance. Data Mining and Data warehousing are tools for KM among 
others available in the market for managing, manipulating and analyzing data and 
transforming to knowledge (Chase, 1997; Skyrme, 1999). The other tools such as 
online analytical processing (OLAP), decision support system (DSS) and executive 
information system (EIS) facilitate the knowledge management activities. Currently, 
the advancement in internet, portal and web applications and services create 
opportunity to disseminate and transfer knowledge efficiently and quickly (O'Dell 
and Grayson, 1998). Furthermore, the research and development in artificial 
intelligence (AI) has aided in developing knowledge-based and expert system to 
manage narrow domains of knowledge (Davenport and Prusak, 1998). In addition, 
Abd. Majid et al. (2004) emphasize on exclusive and standardized use of ITIC. 
Exclusive ITIC reflects the specialized and more advanced IT infrastructure 
capability and standardized ITIC reflects the general or generic IT infrastructure 
capability to support the KM activities.
Based on the literature review, ITIC infrastructure capability with respect to 
KM can be defined as capability of IT infrastructure to support and facilitate the 
Knowledge Management activities.
1.1.3 Project Performance
After a long dependence on financial measures, Keegan et al. (1989) 
promoted the classification of performance measures into cost and non-cost 
measures, and Maskell (2004) promoted the use of performance measures based on 
world-class manufacturing (WCM) which measures quality, time, process, and 
flexibility. Furthermore, Dixon et al. (2000), when devising the performance 
measurement questionnaire (PMQ), recognized the need for performance systems to 
identify areas of improvement and worked on developing them. In another study, 
Azzone et al. (1991) promoted the importance of time criteria in their matrix for 
time-based companies. Kaplan and Norton (1992) founded a new concept of 
performance measurement framework with four broad perspectives: financial,
7customer, internal processes, and innovation. The framework was further improved 
as a strategic management system by Sinclair and Zairi (1995), Flapper et al. (1996) 
and Bititci et al. (1997). Though there are various framework introduced, all 
previous frameworks stressed the fact that performance measurement should be 
derived from strategy. Neely (2000), however, focused first on measuring 
stakeholders' needs and contributions and then on the required strategies, processes, 
and capabilities. Other than the above mentioned performance measurement, there 
are frameworks like performance scorecard or ootableau de bordS^but its use is being 
limited to French companies only (Mendoza and Zrihen, 2001). In recent research 
on construction project performance, lean management model for construction has 
been introduced to improve project performance (Ballard, 1999; Sacks and Goldin, 
2007). A wide range of benefits have been obtained from lean production including 
(1) waste reduction; (2) production cost reduction; (3) decreased production cycle 
times; (4) labor reduction; (5) inventory reduction; (6) capacity increase of existing 
facilities; (7) higher quality; (8) higher profits; (9) higher system flexibility; and (10) 
improved cash flows (Kotelnikov, 2006; Sacks and Goldin, 2007)
The study in project performance was further expanded to identify the 
algorithm to measure project performance such as Cost Performance Index (CPI) 
(CII, 2004), Schedule Performance Index (SPI) (CII, 2004) and Project Performance 
Factors (PPF) (Attalla et al., 2003). Subsequently, project performance variables 
have been identified; Project cost variables, time variables and quality variables 
(Abd. Majid et al., 2004); Project's variables, contractor's variables, environment's 
variables and owner's variables (Cho et al., 2009); and Kim et al. (2009) introduces 
key variables based on the structural coefficients that significantly determine the 
performance of a construction project. The primary variables drawn from the study 
are: contractor's ability and experience, quality of design, quality of estimation, cost 
management, commitment of organisation, claim and dispute resolution, contract 
condition, project environment, project condition, attitude and ability of owners, 
architects or engineers, project information in early stage, bidding competition, 
relationship on a join-venture (J/V) and condition of host country.
1.2 Research Objectives
The research has the following objectives:
1. To identify the main components of KM, ITIC and PP among Malaysian 
Construction Consulting Companies;
2. To identify the implementation level of KM, ITIC and PP in Malaysian 
construction consulting companies?
3. To identify the effect of demographic background to the level of PP in 
Malaysian construction consulting companies.
4. To develop a model for PP based on KM and ITIC and companies' 
demographic background;
5. To identify how do KM and ITIC influence PP.
1.3 Statement of Purpose
Although, there is no doubt that KM and ITIC affects PP, the question 
remains to be answered as to what are the critical components of KM and ITIC 
which should be focused strategically and which combination of KM, ITIC and PP 
can be best implemented to have a positive effect on PP in construction consulting 
companies. The effective model of KM, ITIC and PP is deemed necessary as a 
guideline for the improvement of project performance in construction industry.
The purpose of this study is to empirically and systematically investigate how 
ITIC and KM influence PP and what factors are important to facilitate the 
implementation of ITIC and KM in order to enhance PP in construction consulting 
companies. The study also aims to recommend the best model for predicting PP 
based on ITIC and KM. In addition, the study will seek to discover possible 
relationship between factors that affect the PP based on demographic background of 
the construction consulting companies.
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1.4 Research Questions
To address the aforementioned objectives and provide solutions to the 
research problem, four research questions were identified and formulated as follows:
RQ1: What are the critical components of KM, ITIC and PP in Malaysian 
Construction Consulting Companies?
RQ2: What are the levels of KM, ITIC and PP among Malaysian 
Construction Consulting Companies?
RQ3: What are the differences in the level of PP based on demographic 
background of Malaysian Construction Consulting Companies?
RQ4: What model could be developed to best predict PP based on KM, ITIC 
and demographic background of Malaysian Construction Consulting 
Companies?
RQ5: How do KM and ITIC influence PP?
1.5 Significance of the Study
Despite the findings from previous studies on the impact of ITIC on KM 
(Junnarkar and Brown, 1997; Trussler, 1997; Ruggles, 1998; Syed, 1998; Skyme, 
1999; Sarvary, 1999; Zack, 1999; Choi, 2000), the following are the significance of 
the study:
a) The integration of ITIC, KM and PP has received limited investigation. An 
empirical study to discover the relationship is crucial as nowadays the 
important role of KM and ITIC cannot be easily denied in construction 
consulting companies. This study is significant because it attempts to utilize 
more than one research method or data collection technique, as each method 
refers to a different dimension of the research problem.
b) Furthermore, a combination of quantitative and qualitative methods was used. 
Data sources from a survey questionnaire on practitioners from the
9
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construction consulting companies and supported by structured interviews 
and observations on expert consultants have been utilized to conduct the 
research.
c) This study is also significant because it identifies critical factors or indicators 
that contribute towards KM capability to enhance PP in construction industry.
d) It also studies the causes of effectiveness (enablers) and ineffectiveness 
(barriers) of KM and ITIC implementation to support the PP. A tested and 
tried theoretical model derived from this study would be beneficial to the 
construction consulting companies in planning the implementation of KM 
and ITIC.
e) The study highlights the important knowledge areas of construction industry 
and ITIC also provides the input for the development of cohesive re­
engineering programmes, professional project management and monitoring 
activities, professional construction development activities and organisational 
restructuring that could provide methods to upgrade their existing 
performance and acquire new techniques as well as redefine the work 
process.
f) Additionally, the findings provide input for the following areas:
i. The contribution towards the body of knowledge on KM, ITIC and 
PP among the construction consulting companies.
ii. The preparation of guidelines or implementation model on the most 
effective implementation strategy to apply KM and ITIC in 
construction consulting companies.
iii. The preparation of guidelines for construction consulting 
companies and policymakers in the reduction of barriers and/or 
enhancement of enablers that will enhance PP for construction 
industry.
11
iv. Finally, the findings from the study provide insights into the extent 
to which perceptions of construction consulting companies vary by 
the influence of type of services and other demographic 
background. Also provides information regarding the extent to 
which the critical components and indicators may have changed 
due to changes in technology and the re-engineering of business 
operations and procedures. This information can be used to 
compare the extent to which current KM, ITIC and PP are 
perceived as important by construction consulting sector with 
current guidelines.
1.6 Operational Definition
a) Knowledge Management:- the process of the creation, collection, 
organisation, dissemination, and utilisation of knowledge to turns an 
organisation's intellectual assets, both recorded information (explicit 
knowledge) and the talents of its members (tacit knowledge) into greater 
productivity, new value and increase competitiveness in order to maximize an 
enterprise's knowledge effectiveness and returns from its knowledge assets.
b) Information Technology Infrastructure Capability:- A set of shared and 
tangible information resources that provide a foundation to enable present 
and future business applications which includes integration, collaboration, 
data management, security and utility capability.
c) Project Performance:- A common approach to access success/failure of 
construction projects which evaluate performance on the extent to which 
client's objectives like cost, time and quality were achieved.
1.7 Limitations
The primary objective of this research is to investigate the relationship of 
KM, ITIC and PP. However, the objective of this research is not to prove or 
disprove theories that have some bearing on KM, ITIC and PP. The focus is purely 
on relevant concept and interrelationship identification:
a) This research does not focus on the philosophical meaning of knowledge; in 
other words, it does not dwell on epistemology. Rather, its focus is on 
devising an action-oriented knowledge characterisation that can be used in 
organisations.
b) It has been assumed that an organisation's knowledge grows over time. An 
organisation may not be aware of it, may not be making best use of it, or may 
not be managing well in order to enhance those activities that lead to efficient 
and effective knowledge growth. Therefore, the focus is not on how and why 
an organisation "knowsS, or ways of "knowing", but rather on developing a 
framework that allows one to understand and apply KM and ITIC to achieve 
PP.
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1.8 Organisation of the Thesis
This thesis is organized as follows:-
Chapter 2 is devoted to a review of concepts of knowledge management, information 
technology infrastructure and project performance and development models. The 
review of literature starts by discussing issues related to KM, ITIC, PP and their 
integration. Subsequently, several models on KM, ITIC and PP are elaborated.
Chapter 3 discusses the theoretical and conceptual frameworks and research 
hypotheses for the study as well as provides an overview of the methods for the study 
and the research design.
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Chapter 4 commences with a discussion on the mixed method used for the study. 
Rationales for using case study as a qualitative method by utilising critical incidents, 
semi-structured interviews and observations are provided throughout the chapter. 
The assessing of experts' opinion and survey questionnaire for the quantitative 
method was introduces. The main purpose of chapter 4 is to provide an overview of 
the instruments, sampling frames and findings for the quantitative studies and 
subsequently.
Chapter 5 provides findings of the qualitative methods. These findings complement 
and expand the findings from quantitative analysis as stated in the mixed method.
Chapter 6 draws the conclusions of the study with a discussion on the findings and 
contributions of the study as well as the direction for further research.
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CHAPTER 2
LITERATURE REVIEW
2.1 Introduction
This chapter explores and discusses various aspects of Knowledge Management 
(KM), IT Infrastructure Capability (ITIC) and Project Performance (PP) with respect to 
construction consulting companies. It comprises of the following sections: (a) 
Construction Industry, (b) Knowledge Management, (c) IT Infrastructure Capability, (d) 
Project Performance, and (e) Chapter Summary.
2.2 Construction Industry
The construction industry plays a central role in national welfare, including the 
development of residential housings, office buildings and industrial plants, and the 
restoration of the nation's infrastructure and other public facilities. The importance of 
the construction industry lies in the function of its products which provide the 
foundation for industrial production, and its impacts on the national economy cannot be 
measured by the value of its output or the number of persons employed in its activities 
alone.
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ly problems such as not receiving enough co-operation, 
____________ 'e communication often resulting in an adversarial
relationship among all project stakeholders. Furthermore, it is a conglomeration of quite 
diverse segments, products and participants that have been loosely lumped together as a 
sector of the economy. Hence, it is likely resulting in construction delays, difficulty in 
resolving claims, cost overruns, litigation, and a win-lose climate (Moore et al, 1992). A 
report on construction project says that the median project cost increase for project 
design is about 10% (Sternbach, 1988). Similarly, various research found that cost and 
schedule overruns in construction in general and in housing construction in particular are 
common (Egan, 1998;Josephson and Hammarlund, 1999; Koushki et al., 2005; Serpell 
et al., 1995; Walsh et al., 2003), and rework to correct errors represents a significant part 
of the cost of most projects (Love et al., 2000). In addition, the fundamental theories 
underlying construction project management practices and tools are obsolete because the 
project management has not achieved its goals since it does not perform in a satisfactory 
way, except in small, simple and slow projects, where the theory-associated problems 
could be solved informally and without wider penalties (Koskela and Howell, 2002).
Furthermore, poor project performance (PP) was caused by lack of attention to 
the details relating to project structure, communication, and execution. Many industry 
participants adopt a short term view on business development, with little interest in 
enhancing their long-term competitiveness. There is a tendency to award contracts to 
the lowest bidders and delivery programs are often unrealistically compressed. 
Accountability is undermined by the prevalence of non-value adding multi-layered 
subcontracting and lax supervision (CIRC, 2001: 1).
Based on statistics produced by CIDB, Malaysian contractors are divided into 
several categories based on a particular tender qualification ranging starting from G1 
(not exceeding RM 100,000.00) to G7 (unlimited). Figures 2.1 and 2.2 show that the 
number of small construction companies which qualifying for tender worth 
RM100,000.00 tender is much bigger than the big companies which participated in 
tenders worth more than RM1 million.
16
Figure 2.1 Number of Contractor registered with CIDB (CIDB, 2007)
Figure 2.2 Number of Contract per Year (CIDB, 2007)
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There are two schools of thought within the construction sector regarding the 
construction process. The more traditional school of thought construes projects as a 
connected network of activities that can be controlled and improved individually through 
a structured set of management techniques, leading to successful management and 
delivery of the overall project (Howell et al., 1993; Bertelsen and Koskela, 2004; 
Bashford et al., 2005b). This paradigm can be labelled as the "task or activityS-based 
view of the construction project (Bashford et al., 2005b), and is broadly referred to as 
project planning. Deficiencies in the models and theory behind project planning have 
been argued by Tommelein (1998) where it particularly pointed out the difficulties in 
expressing workflow variability in traditional critical path method model. A second 
school of thought has emerged recently in which construction projects are envisioned as 
a series of work processes. Work processes are set of interconnected processes also 
known as production planning (Walsh et al., 2007). Tommelein (2000) presented this 
concept and demonstrated the profound impact of work flow reliability on downstream 
processes work availability and thereby, on the performance of the construction 
production process. The concept was formalised by Tommelein et al. (1999) through 
the "parade game." This model was represented as the movement of a trade contractor 
to work completed by a predecessor trade contractor, where it demonstrated that greater 
variability, even with a constant average capacity, led to increased cycle time and 
increased levels of work in process within the system.
Besides the two schools of thought, a concept of lean production was adopted 
from manufacturing industry has contributed to the effective management of 
construction processes. Lean production is a concept that aims to systematically 
eliminate wastes, simplify production procedures, and speed up production (Ballard,
1999). A wide range of benefits have been obtained from lean production including (1) 
waste reduction; (2) production cost reduction; (3) decreased production cycle times; (4) 
labor reduction; (5) inventory reduction; (6) capacity increase of existing facilities; (7)
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its; (9) higher system flexibihty; and (10) improved cash 
____________ I addition, the lean management model for construction
proposed by Sacks and Goldin (2007) includes four basic measures designed to improve 
stability of information and product flow and to reduce cycle times: (1) Reduce the batch 
size from full floors to single apartments; (2) Replace the fixed activity network 
schedule for execution of finishing works with a dynamic method of pulling apartments 
through the finishing process according to the maturity of the clientsNdesign change; (3) 
Restructure work to decrease or remove the dependency of early activities on client 
design change information; and (4) Reorganize work packages to reduce their number 
by concentrating more work in the hands of fewer multi-skilled subcontractors. 
Furthermore, Sawhney (2009) has expanded the research in work processes and lean 
concept by introducing buffers of work in process to eliminate the problem of inter­
linkages between processes called chand-offsNand incorporate lean concept.
Moreover, with all the initiatives to improve construction processes, it is 
essential to integrate all people and organisations together by having all members of the 
project team within the operational ’loop’. Specifically in design process, a study done 
by Megan et al. (2005) found that in order to optimise the design process for high 
performance buildings, a project management environment that unites architects, 
engineers, and builders must be created and key design processes and competencies of 
design teams must be defined. The study introduced The Building Design Process 
Model for High Performance Buildings (BDPMHP) and the accompanying Cross­
Functional Design Process Map for High Performance Buildings (CFDPMHP) which 
found to be one of the effective mechanisms to assist in the transformation of traditional 
design processes (Megan et al., 2005).
2.4 Construction Consulting Industry
In most of construction project, contractors would normally outsource various 
professional services to construction consulting companies (Hendrickson, 2007).
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lanies are professional firms that provide the necessary 
____________ ction companies for construction projects. For example,
architectural drawing is done by architectural consulting company, engineering drawing 
is done by engineering consulting company, project specification is done by quantity 
surveyor and project management is done by project management consulting company 
(Latham, 1994). Furthermore, in general there is a shortage of specialized and 
supervisory staff conversant with latest construction techniques in construction 
developer. Hence the role of construction consultants is very important to ensure the 
management and supervision of the construction project is done professionally and at the 
same time helping the developer to control the schedule, cost and quality of the project 
(Indian Ministry of Railways Project Report, 2007). The overall function of project 
consultant is to add value to every stage of project life cycle and their main roles are to 
assist the client and contractor in designing, cost estimating, scheduling and planning, 
construction project management and trouble shooting or resolution services.
In designing, an architect’s and engineerl^ decisions will affect public safety, and 
thus they must be a knowledgeable and experienced which undergo specialized training 
and education.
Furthermore, developing a realistic cost and budgeting accordingly at the initial 
concept of the project is the prudent first step. Project manager or quantity surveyor is 
among the common consultant for cost estimation. Cost estimation comprises of 
feasibility and budget estimates, progress design estimates, constructability reviews, bid 
estimates, cost studies and analysis, is one of the most challenging task which requires 
expert with knowledge, best practise and experience (Hendrickson, 2007).
Another important task done by the consultant is developing a project schedule. 
The purpose of a project schedule is to communicate and manage the work plan. Project 
schedules are keys to improved communications between the prime and subcontractors 
as well as the owner and the contractors during the project development. While the
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bar chart to short interval to precedence diagrams, their 
____________ jssfLil project. Some of the diagrams use to represent the
schedule are Critical Path Method (CPM), Bar Chart, Gantt Chart, Cash Flow and Cost 
Loaded, Phasing, Manpower, Counter Measure, Alternate Planning and Sequencing, GC 
Schedule Review for Subcontractors and Subcontractor Schedules (Hendrickson, 2007).
Consultant also plays an important role in managing and influencing several 
parties involved in the construction project such as contractors, sub-contractors and 
designers. These parties are to be organized to insure that the best interests of the client 
are served by managing the schedule, quality, and controlling costs and the maximum 
value is achieved. The common tasks of project management are managing contract 
document development, contract bid process, negotiation and award, CPM schedule 
development and monitoring, contract administration and submittal management, cost 
control, budget management and change control, quality management, safety 
monitoring, audits and cost-to-complete estimates, cost estimating, constructability 
reviews, on-site inspections and monthly reporting, contract close-out, operation and 
maintenance manuals, owner training, project close-out and final project review and 
close out (Ministry of Railway-Government of India, 2007).
In Malaysia, generally the size of construction consulting companies is relatively 
small. This is due to the nature of the construction industry in Malaysia which is very 
competitive with low profit margins. Based on the report by CIDB (2007), none of the 
independent construction consulting companies in Malaysia is registered as a public 
listed company, since most of the consulting companies do not have a systematic setup 
in consulting and managing the Construction Project. These professional firms are 
registered with various professional bodies such as Association of Consulting Engineers 
Malaysia, Board of Quantity Surveyor Malaysia, Malaysian Institute of Architect and 
Board of Architect Malaysia. According to Lim et al. (2002), there are about 3,083 
construction consulting companies registered with various bodies which comprise of 
architectural firms, engineering firms, quantity surveying firms, evaluation firms and
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nongst these companies, only 800 are recommended by
2.5 Knowledge Management in Construction
In today's construction era, a construction project needs to be on schedule and 
maintain high quality besides fulfilling customerl^ requirement and being flexible to 
unpredictable factors. As major players in construction industry, construction consulting 
companies which provide the expertise and professional advice need to find sources to 
sustain the competitive advantage in unpredictable environment. As such, Nonaka and 
Taguechi (1995) believe that one of the major sources of sustaining competitive 
advantage is knowledge management (KM).
In the first era of KM exploration, starting from the 1980s, Sveiby (1987) 
introduced the elements of knowledge as an important asset for a company. Nonaka and 
Takueci (1995) then farther defined the tacit and explicit knowledge and modes of 
knowledge creation which was categorized as socialisation (face-to-face), internalisation 
(explicit to tacit), externalisation (tacit to explicit) and combination (explicit to explicit). 
Davenport and Prusak (1998) further elaborated the knowledge as a f^uid mix of framed 
experience, values, contextual information and expert insight. In the second era of KM, 
between the 1990s and 2000, researchers started to explore the KM components, 
elements, cycle, framework and processes of KM (Ruggles, 1998; Newman and Conrad, 
1999; Baldanza and Stankosky, 1999; Murray et al., 2000). Finally, in third era which is 
from year 2000 onwards, researchers are more focus on the implementation strategy, 
methodology, challenges, status and effectiveness of KM implementation in an 
organisation. For example, Hensen et al. (1999) proposed centralised and decentralised 
strategy for small and big companies and Abd Majid et al. (2005) introduced explorative 
for companies which create new knowledge and exploitive for companies which focus 
more on using the existing knowledge.
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2.5.1 Knowledge
In KM, understanding and identifying knowledge in the organisation is deemed 
crucial. Organisations have realized that assets include knowledge assets such as human 
skills, experience, know-how, best practices and databases. Quintas et al. (1997) stated 
that knowledge asset provides opportunities to cut cost, save design time and reduce the 
time to market. Drucker (1995) further supports the fact that knowledge has become a 
critical corporate asset. With faster and greater capability of knowledge transfer 
technology, knowledge has been transferred and utilized exponentially by an 
organisation (Kim, 1999).
There are several definitions of knowledge. Table 2.1 illustrates the different 
perceptions and interpretations of knowledge.
Table 2.1: Definitions of Knowledge
Definition of Knowledge Researchers
Knowledge is information that is relevant, 
actionable and based at least partially on 
experience.
Leonard and Sensiper (1998).
Knowledge consists of a data or information that 
has been organized and processed to convey 
understanding, experience, accumulated learning, 
and expertise as they apply to a current problem 
or activity.
Turban, McLean and Wetherbe 
(1999)
Knowledge is what people in organisation know 
about their customers, products, process, 
mistakes and success.
O'Dell and Grayson (1998)
Knowledge is a fluid mix of framed experience, 
values, contextual information and expert insight 
that provides a framework for evaluating and 
incorporating new experience and information 
and it originates and is applied in the mind of the 
knower.
Davenport and Prusak (1998)
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I.WU uiiii'^iisions of knowledge; tacit and explicit (Polanyi, 1962; 
Nonaka and Takeuchi, 1995). Explicit knowledge is codified knowledge in the forms of 
manual, rules, routines, procedures and electronic database and is easy to access, 
whereas tacit knowledge is knowledge hidden in individual's mind in the forms of 
experience and expertise (Leonard and Sensiper, 1998). Understanding the dimensions 
of knowledge shall facilitate the process of identifying the existing knowledge and 
planning for the appropriate KM strategy for effective implementation of KM. Figure
2.3 illustrate the explicit and tacit knowledge in organisation.
Figure 2.3 Explicit and Tacit Knowledge (Kidwell et al., 2000)
2.5.2 Knowledge Creation
Base on the literature, knowledge can be created through four mechanism; 
Socialisation, Externalisation, Internalisation and Combination (Nonaka and Takeuchi, 
1995) as shown in Figure 2.4. Tacit knowledge, the "know-howS referred to by Brown 
and Duguid (1998), is usually created through interaction with others (Marsick and 
Watkins, 1990; Kogut and Zander, 1996) or in environments such as communities of
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2000), whereas explicit knowledge can be in the form of 
_)rochures, manuals or databases which can be easily
accessed (Nonaka and Takeuchi, 1995).
Tacit to Explicit
Tacit
SOCIALISATION EXTERNALISATION
To
Explicit INTERNALISATION COMBINATION
Figure 2.4 Four modes of knowledge creation (Nonaka and Takeuchi, 1995)
Socialisation (from Tacit to Tacit) occurs when one individual shares tacit 
knowledge with another in face-to-face contact. Examples include internalising a new 
idea or gaining an understanding of skill. Nonaka and Takeuchi (1995) explain that, an 
individual can acquire tacit knowledge directly from others without using language. 
Apprentices work with their masters and learn craftsmanship not through language but 
through observation, imitation and practice. In the business setting, on-the-job training 
uses basically the same principle. The key to acquiring tacit knowledge is experience. 
Without some form of shared experience, it is extremely difficult for one person to 
project her or himself into another individual's thinking process.
Internalisation (from Explicit to Tacit) is a process of embodying explicit 
knowledge into tacit knowledge. This concept is often referred to as learning by doing. 
It encompasses of the practices and internal processes experienced when an apprentice 
learns the master's skills. It is basically the transformation of existing formal 
knowledge. Among the four modes of knowledge creation, Nonaka and Takeuchi 
(1995) suggested that externalisation holds the key to knowledge creation because it 
creates new, explicit concepts from tacit knowledge. How can we convert tacit 
knowledge into explicit knowledge effectively and efficiently? The answer lies in a 
sequential use of metaphor, analogy and model.
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from Explicit to Explicit) is a process of systemising
concepts into a knowledge system. Broadly defined, it is the process of creating new 
formal knowledge that can be used directly by others. By combining different bodies of 
explicit knowledge individuals exchange ideas through such media as documents, 
meetings, telephone conversations, e-mail or the internet. Reconfiguration of existing 
information through sorting, adding, combining and categorising of explicit knowledge 
(as conducted in computer databases) can lead to new knowledge. Knowledge carried 
out in formal education and training in schools such as an MBA course is an example for 
this type of knowledge process.
2.5.3 Knowledge Management
Knowledge must be managed through KM mechanism in order for it to be captured, 
transmitted and shared successfully.
2.5.3.1 Definition of Knowledge Management
There are several definitions of KM by various authors: (1) KM is a formal process 
of determining what information a company has that can benefit others in the 
organisation and making the information easily available for use by those who need it. 
The process includes formal procedures to collect such information as lessons learned 
during a project's execution and the best practices occurring throughout the 
organisation, a well established infrastructure, networks for transferring knowledge 
between employees, and tools to facilitate the process (O'Dell and Grayson, 1998); (2) 
KM is a strategy that turns an organisation's intellectual assets -  both recorded 
information and the talents of its members into greater productivity, new value and 
increased competitiveness; it teaches corporation from managers to employees, how to 
produce and optimise skills as a collective entity (Murray, 1998); (3) KM is the explicit
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f  vital knowledge and its associated process of creating, 
____________ an, use and exploitation. It requires turning personal
knowledge into corporate knowledge that can be widely shared throughout an 
organisation and appropriately applied (Skyme, 1997); and (4), KM is the systematic, 
explicit, and deliberate building renewal and application of knowledge to maximize an 
enterprise's knowledge related effectiveness and returns from its knowledge assets 
(Wiig, 1997).
From the above definitions, KM can be summarised as the process of the 
creation, collection, organisation, dissemination, and utilisation of knowledge to turns 
an organisation's intellectual assets, both recorded information (explicit knowledge) and 
the talents of its members (tacit knowledge) into greater productivity, new value and 
increase competitiveness in order to maximize an enterprise's knowledge effectiveness 
and returns from its knowledge assets (O'Dell and Grayson, 1998; Newman, 1997; 
Choo, 1998; Murray, 1998; Skyrme, 1999; Wiig 1997). In the context of this study, 
KM focuses on how the construction consulting companies manage the construction 
knowledge to achieve high PP.
2.5.3.2 Knowledge Management Framework
Furthermore, KM concept is expanded into several frameworks. The 
introduction of various framework of KM allows systematic and comprehensive 
planning with consideration of success and failure factors which will be established in 
this study to better expedite the KM implementation.
Ruggles (1998) proposed eight main activities of KM cycle as shown in Figure 
2.5. Generating new knowledge, accessing valuable knowledge from outside sources, 
using accessible knowledge in decision making, embedding knowledge in processes, 
products, and/or services, representing knowledge in documents, databases, and 
software, facilitating knowledge growth through culture and incentives, transferring
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r parts of the organisation, measuring the values of 
_t of KM (Ruggles, 1998).
Figure 2.5 Knowledge Management Cycle Framework (Ruggles (1998)
Siemers and Arc Partners (2000) proposed Knowledge Landscape Framework 
which highlights the organisational environment elements that contributes to KM as 
illustrated in Figure 2.6. The framework illustrates the source of knowledge where 
knowledge is gained not only from employeesNknowledge and skills but also from all 
organisation's environmental elements such as products, customers, competitors, 
services, methods and processes, markets and regulatory environment.
Figure 2.6 Knowledge Landscape
Other KM framework is the Knowledge Flow Framework as shown in Figure 2.7 
(Newman and Conrad, 1999); Knowledge Flow Framework illustrates the set of 
processes, events and activities through which data, information, knowledge and meta­
knowledge are transformed from one state to another, and they are organised into four 
activities: knowledge creation, retention, transfer and utilisation.
Figure 2.7 Knowledge Flow Framework (Newman and Conrad, 1999)
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iced the Top-level conceptual tramework as shown in 
proposed five knowledge processes namely knowledge
utilisation, knowledge transfer, knowledge transformation, knowledge representation 
and knowledge assurance.
Real World
i^owledge Utillzatloii
Knowledge Transfer
i^owledge Tiansfoimatlon
Knowledge Representation
Knowledge Assnrancc
Figure 2.8 KM Top-Level Conceptual Framework (Murray et al., 2000)
Another significant KM framework proposed by Dr Micheal A. Stankosky, 
Associate Professor of Engineering Management at Georgia Washington University and 
validated by Calebrese (2000) is the Four Pillars of KM (Figure 2.9). Leadership is one 
of the important pillars in KM which provide strategic planning and business culture of 
the organisation. The second pillar focuses on organisation's processes and procedures 
as part of managing the knowledge flow within organisation. The third pillar is 
providing the technology as a platform for knowledge management such as e-mail, 
OLAP tool, data warehousing, search engine etc. The fourth pillar is creating the 
learning environment for the organisation to generate new knowledge such as provide 
environment for intuition, innovation and invention.
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Figure 2.9 Four Pillars of KM (Baldanza and Stankosky, 1999)
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ent Initiatives
There are several KM initiatives implemented in organisations to facilitate the 
knowledge management processes. This section explains several significant initiatives:
a) Collaboration Initiatives in Work Group Session
Collaboration initiative is one of the approaches to facilitate knowledge sharing 
among the member of the organisation. To achieve collaboration in real life processes, 
any collaborative attempt should promote social action. For the social action to take 
place, member of the organisation should promote oactionable knowledgeN and 
implement it. Collaboration initiatives in work group session helped establish the 
collaboration through conversation and action. This approach defines collaboration as 
osocially constructed' through social interactions and conversation. Thus, the member of 
the organisation are provided with the opportunity to think, to reflect, to bring up their 
personal experiences, and to construct new meaning on the future of the organisation. 
This allowed them to create the new knowledge rapidly and passionately. This, hence, 
enhanced their commitment to the generated knowledge. Participatory methods and 
techniques are used so that the organisation members could olearn by doingN and 
ocritically reflect on what they doingNby becoming the practitioners, active participants 
and leaders of group work sessions. The aim of the initiative is to provide participants 
the milieu for oproactiveNthinking, generation and action. The work session is designed 
to protect and to maximize each participant's interest, to allow each to raise her/his 
voice. Thus, each group member took responsibility in different phases of the project, 
by becoming the speaker or the documenter of the group (Atao et al, 2009).
b) Logistic Operation Knowledge Interpretation Initiative
Logistic operation knowledge interpretation initiative is about establishing an 
integrated shared interpretation of knowledge of the business environment among 
individuals involved in logistics operations. Logistics operations (LO) personnel refers
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sponsible for providing time and space utilities (Chen and 
____________ inbound and outbound logistics operational activities such
as order planning, order generation, order entry and prioritisation, order scheduling, 
order fulfillment, billing and payment, and post sales service (Stock et al., 2000, 
Gunasekaran and Ngai, 2005 and Swafford et al., 2006). Since they interact with 
customers, third parties, and suppliers, LO personnel are uniquely positioned to capture 
important inbound and outbound knowledge of the business environment (De Treville et 
al., 2004] and (Rosenzweig and Roth, 2007). Thus, supply knowledge captured from 
LO personnel is crucial to understanding customersNevolving desired value (Flint et al., 
2002). In this initiative, there are few steps involves to establish the understanding of 
knowledge, hence create the shared knowledge interpretation of customer behaviour. 
First, the information must be captured and then scrutinized to determine its importance. 
This analysis of accumulated information involves what summarizing, delaying, 
prioritizing, and modifying the information, resulting in presumably more relevant and 
valuable knowledge. At this moment, LO knowledge will be generated as LO 
personnel's collection and evaluation of knowledge relative to its usefulness to business 
decisions. Second, the knowledge will be disseminated which involves the vertical and 
horizontal transmission of information that has been analyzed (Hartline et al., 2000 and 
Sabherwal and Becerra-Fernandez, 2003). Effective knowledge dissemination involves 
not merely transmitting a large amount of information to everyone in the organisation 
(Fildes and Hastings, 1994), but rather "routing the messages or selectively distributing 
knowledge to the appropriate individuals or groups. Effective knowledge dissemination 
also requires quickly transferring knowledge. If LO personnel sit on relevant and 
valuable demand and/or supply knowledge too long, the dynamic business environment 
may change, making the knowledge outdated and irrelevant. Therefore, LO knowledge 
dissemination (LOKD) is defined as LO personnel!^ timely sharing of knowledge of the 
business environment with appropriate LO and other personnel within the firm. Finally, 
constantly scanning the business environment will improves the likelihood that 
knowledge is captured promptly, making it available to disseminate in a timely manner, 
increasing LO knowledge dissemination (Fugate et al., 2009).
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Based on Orsenigo et al. (2001), knowledge networks are defined as 
organisational arrangements that involve actors with different capabilities and that are 
concerned with knowledge flows and the coordination of learning and innovation: they 
involve the acquisition, combination, generation, exchange and transfer of 
complementary and heterogeneous forms of knowledge. The idea of emergence and 
development of such networks is defined in dynamic terms to encompass not merely the 
one-off initiation of a particular set of interactions but the longer-term process by which 
further interactions are put in place, perhaps involving changes in the properties of the 
networks over time.
Dantas (2009) found that through a thorough analysis of network emergence and 
development, the following five selected properties of knowledge networks in late- 
industrialising economies:
(i) the intentionality in decision-making underpinning the emergence and 
development of the network: concerned with the extent to which networks are 
explicitly and deliberately developed to support technological accumulation;
(ii) the nature o f technological accumulation activities carried out within the 
collaborative network: concerned with the forms of technology involved (e.g. 
embodied in goods and services or disembodied knowledge about advanced 
technologies), and with the difference between opassiveN technology using and 
oactive'l echnology creating;
(iii) the content and direction o f knowledge flows contributing to further 
technological accumulation: concerned with their complexity and the diversity of 
directions;
(iv) the sources o f knowledge flows: concerned primarily with their diversity;
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ir in knowledge production between the core nodal player 
_cerned with the nature and complementarity of the
knowledge production roles of actors in the network.
d) Knowledge Reuse System (CAPRI.NET)
Knowledge Reuse System (CAPRI.NET) is designed to (livel'^apture and reuse 
of knowledge during, and after project implementation (Udeaja et al., 2008). The design 
of the system is based on the concepts of Project Extranets (CIRIA, 2002), agent-based 
systems (Nwana, 1997), Case Based Reasoning (CBR) (Aamodt, 1994) and Data/text 
mining (Chou, 1999). The system is designed to reduce the challenge of the current 
practice for capturing project knowledge mostly focuses on people (i.e. the learning 
acquired by a project participant is reused when that person works on another project), 
and the use of post-project reviews (PPR) within each participating organisation. The 
samples of screen capture of the system are shown in Figure 2.10(a) and 2.10(b).
Figure. 2.10(a) Screenshot of CAPRI.NET components - View Knowledge Page
(Udeaja et al., 2008).|
35
Figure. 2.10(b) Screenshot of CAPRI.NET components - Add Knowledge Page
(Udeaja et al., 2008).|
2.5.3.4 Knowledge Management in Construction Consulting Industry
Construction consulting industries are basically selling and managing 
knowledge, skill and experience. They use their knowledge to manage construction 
project, advise client on the best practice and highlight critical success factors to 
improve the project performance. There are four main components of KM that have 
been identified and discussed in this section, namely KM strategies, KM system, 
knowledge area and KM Matrix.
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Recent studies on KM strategies in management consulting industry found that 
there are several approaches in KM practices and study done by Hansen, Nohria and 
Tierney (1999) found that consulting companies do not take a uniform approach in 
managing knowledge. Basically, there are two types of KM approaches; centralised and 
decentralised (Hansen, Hohria and Tierney, 1999). Decentralised approach is focusing 
on unique problems or issues which need special and strategic solution, whereas 
centralised approach focus more on operational, routine or general issues.
Beside the centralised and decentralised approach, mature consulting firms with 
more experience and knowledge usually adopt codification approach whereby most of 
knowledge is stored in electronic database and is easily assessable, whereas, small and 
new companies mainly rely on tacit knowledge in individuals, thus applying 
opersonalisationNapproach. However, many big firms in the construction sector also use 
oinformal' approaches to KM which focus on the sharing/transfer of tacit knowledge 
besides the codification approach. Hansen et al. (1999) found that adopting a wrong 
approach of knowledge management could cause serious problems in an organisation; 
thus, choosing the appropriate approach is crucial for the success of knowledge 
management implementation. The two strategies of knowledge management are 
illustrated in Table 2.2.
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ge Management Strategies of Consulting Companies 
opted from Hansen et al. 1999)
KM Strategy Codification Personalisation
Competitive Strategy Provide high quality, reliable 
and fast information-system 
implementation by reusing 
codified knowledge.
Provide creative, 
analytically rigorous advice 
on high level strategic 
problems by channeling 
individual expertise.
Economic Model Reuse Economics;
Invest once in a knowledge 
asset; reuse it many times.
Expert economics;
Charge high fees for highly 
customized solutions to 
unique problems.
Knowledge 
Management Strategy
People to documents;
Develop electronic document 
system that codifies, stores, 
disseminates and allows reuse of 
knowledge.
Person to person;
Develop networks for 
linking people so that tacit 
knowledge can be shared.
Information
Technology
Invest heavily in IT; the goal is 
to connect people with reusable 
codified knowledge.
Invest moderately in IT; the 
goal is to facilitate 
conversions and the 
exchange of tacit 
knowledge.
Human Resources Hire new college graduates who 
are well suited to the reuse of 
knowledge and the 
implementation of solutions. 
Train people in groups and 
through computer-based 
distance learning. Reward 
people for using and 
contributing to document 
database.
Hire MBAs who like 
problem solving and 
tolerate ambiguity. Train 
people to one-to-one 
mentoring.
Reward people for sharing 
knowledge with others.
b) KM System
One of the major contributions to KM in construction industry is e-Cognos 
research project. E-Cognos demonstrates an IT solution for construction industry in 
Europe (e-Cognos, 2000). The project has identified the classification of Knowledge in 
the construction domain where it falls into the three following categories. First, domain 
knowledge: this forms the overall information context. It includes administrative
9PDF
0 Q p p |p  0 ^ 0  Thank you for using
Your complimentary
use period has ended. 3 8
PDF Complete.
lations, planning permission), standards, technical rules, 
____________ iformation is, in principle, available to all companies, and
is partly stored in electronic databases. Second, organisational knowledge: which refer 
to company specific intellectual capital of the firm. It resides both formally in company 
records and informally through the skilled processes of the firm. It also comprises 
knowledge about the personal skills, project experience of the employees and cross- 
organisational knowledge. The latter covers knowledge involved in business 
relationships with other partners, including clients, architects, engineering companies, 
and contractors. Third, project knowledge which refers to the potential for usable 
knowledge and is at the source of much of the knowledge identified above. It is both 
knowledge each company has about the project and the knowledge that is created by the 
interaction between firms. It is not in a form that promotes re-use (e.g. solutions to 
technical problems, or in avoiding repeated mistakes), thus companies and partnerships 
are generally unable to capitalize on this potential for creating knowledge. It includes 
both project records and unrecorded memory of processes, problems and solutions
Figure 2.11 illustrates e-Cognos Project Methodology. The methodology 
comprises of 7 phases; (0) Project Preparation; (1) Understand and model core Business 
Processes; (2) Case study definition; (3) Capture KM practice; (4) Specify KM Solution 
and build KM Strategy; (5) Implement KM Solution; (6) Deploy and trial KM 
Solution/Strategy and (7) Evaluate KM Solution/Strategy. Based on the above 
methodology, the knowledge management strategy is embedded into the business 
processes, which facilitate the KM implementation and adoption in an organisation.
39
Figure 2.11 e-COGNOS Methodology
Figure 2.12 illustrates the e-Cognos global architecture where it adopts the 
typical knowledge management process starting from knowledge extraction until 
knowledge distribution. The IT infrastructures utilize the intranet, internet and extranet 
technology.
Figure 2.12 A Global Architecture of e-COGNOS Project
Other than e-Cognos, there have been several research projects on the potential 
KM system in projects management. Recent examples include the following:
• KNOWBIZ (Robinson et al., 2003) is a KM System for Improved Business 
Performance aimed at establishing the link between knowledge management and 
business performance in construction firms.
CSAND (Khalfan et al., 2003) is a KM system mean for Creating, Sustaining and 
Disseminating Knowledge for Sustainable Construction: Tools, Methods and 
Architecture The aim to provide mechanisms for ensuring knowledge pertaining 
to sustainability is captured and distributed in a structured manner.
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1, 2002) focused on the development of a framework for 
_____________ dge in a multi-project environment in construction. The
framework developed assists construction firms in selecting an appropriate 
strategy for the transfer of knowledge that is appropriate to their organisational 
and cultural contexts.
• KLICON (Patel et al., 2000) focused on the role of IT in capturing and managing 
knowledge for organisational learning on construction projects.
• PROJECT MEMORY (Fruchter and Reiner, 2000) focused on the development 
of a project memory capture system for design evolution capture, visualisation 
and reuse in support of multidisciplinary collaborative teamwork.
c) Project Construction Knowledge Area
Another major research in KM is construction knowledge areas which is 
sponsored by American Construction Industry Institute (CII). CII is a research 
organisation that was formed in October 1983 with the mission of improving the 
competitiveness of the construction industry (CII, 2001).
The development of CII Knowledge Area was based on The Project Management 
Body of Knowledge (PMBOK) developed by Project Management Institute (PMI) in the 
year 2000 as shown in Table 2.3. Table 2.4 shows the Definition o f Terms in CII 
Knowledge Structure.
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i: Overview of PMBOK (PMI, 2000)
Knowledge Area Subdivisions
1. Project Integration 
Management
1.1 Project Plan Development
1.2 Project Plan Execution
1.3 Overall Change Control
2. Project Scope 
Management
2.1 Initiation 2.4 Scope Verification
2.2 Scope Planning 2.5 Scope Change Control
2.3 Scope Definition
3. Project Time 
Management
3.1 Activity Definition
3.2 Activity Sequencing
3.3 Activity Duration Estimation
3.4 Schedule Development
3.5 Schedule Control
4. Project Cost 
Management
4.1 Resource Planning
4.2 Cost Estimating
4.3 Cost Budgeting
4.4 Cost Control
5. Project Quality 
Management
5.1 Quality Planning 5.3 Quality Control
5.2 Quality Assurance
6. Project Human 
Resource 
Management
6.1 Organisational Planning
6.2 Staff Acquisition
6.3 Team Development
7. Project
Communications
Management
7.1 Communications Planning
7.2 Information Distribution
7.3 Performance Reporting
7.4 Administrative Closure
8. Project Risk 
Management
8.1 Risk Management Planning
8.2 Risk Management Identification
8.3 Qualitative Risk Analysis
8.4 Quantitative Risk Analysis
8.5 Risk Response Planning
8.6 Risk Monitoring and Control
9. Project Procurement 
Management
9.1 Procurement Planning 9.4 Source Selection
9.2 Solicitation Planning 9.5 Contract Administration
9.3 Solicitation 9.6 Contract Closeout
^PDF
Complete
Click Here to upgrade 
Unlimited Pages and £
Your complimentary 
use period has ended. 
Thanif you for using 
PDF Complete.
43
fracture comprises o f several components; knowledge 
JUS area, best practice, information, tools, reference and
supporting products. The definition of each component is detailed out in Table 2.4.
Table 2.4: Definition of Terms in CII Knowledge Structure
Term Definition
Knowledge Structure Overall body o f CII knowledge arranged in 
topological form.
Knowledge Area Logical grouping of CII topical areas. Knowledge 
areas reflect project phases or construction issues.
Focus Area A distinct area of CII research emphasis that has 
lead to research publications/products. A focus 
Area is further categorized as either a CII Best 
Practice -  Pending Validation, or Information 
Area.
Best Practice A process or method that, when executed 
effectively, leads to enhanced project performance
Proposed Best Practice -  
Pending Validation
A process or method that may become CII Best 
Practice, but has not yet completed the validation 
process.
Information Investigation results that provide findings and/or 
reports, but do not provide processes or methods.
Tools A product supporting implementation that 
requires user interaction and results in decisions, 
conclusions and/or outcomes.
Reference Source or background materials that provide 
information about the topic including research 
reports and video. Research Reports typify CII 
products that are considered References.
Supporting Product Summaries of research or educational materials 
that support implementation or understanding of 
the subject. Research Summaries predominate 
under this classification.
Table 2.5 shows the 14-Knowledge Areas o f American Construction Industry 
Institute (CII) which have been identified as significant elements o f knowledge 
management in construction industry (Abd Majid, 2004).
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ible 2.5: CII Knowledge Area
Knowledge Area
01 -  Front-End Planning
02 - Design Optimisation
03 - Procurement and Material Management
04 - Construction - Other
05 - Facility Startup and Operations
06 - Human Resources Management
07 - Project Organisation and Management
08 - Business and Project Processes
09 - Project Controls
10 - Contracts and Risk Management
11 - Safety, Health, and Environment
44
12 - Information Management and Technology Systems
13 - Globalisation Issues
14 - Security
Source: Construction Industry Institute (2007) 
CII (2007) defines the CII knowledge area as the following:
a) Pre-project Planning
Pre-project planning is the process of developing sufficient strategic information 
with which owners can address risk and decide to commit resources to maximize the 
chance for a successful project. Pre-project planning is also known as front end loading, 
front end panning, feasibility analysis, programming, and contractor planning. 
Alignment is the condition where appropriate project participants are working within 
acceptable tolerances to develop and meet a uniformly defined and understood set of 
project objectives.
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Design's objective is to achieve construction effectiveness through design effort, 
including input variables and design execution against the specified expectations o f the 
owner. In addition, the owner's expectations include such criteria as cost, schedule, 
quality, and other expectations either explicit or implicit in the project objectives.
c) Procurement and Material Management
Materials management is an integrated process for planning and controlling all 
necessary efforts to make certain that the quality and quantity o f materials and 
equipment are appropriately specified in a timely manner, are obtained at a reasonable 
cost, and are available when needed. The materials management systems combine and 
integrate the takeoff, vendor evaluation, purchasing, expediting, warehousing, 
distribution, and disposing of materialsNf^nctions.
d) Construction
Constructability is the effective and timely integration of construction knowledge 
input into the conceptual planning, design, construction and field operations o f a project 
to achieve the overall project objectives in the best possible time and accuracy at the 
most cost effective levels.
e) Project Organisation and Management
Project Organisation and Management is mainly about team building, 
relationship and partnering. It is a project-focused process that builds and develops 
shared goals, interdependence, trust and commitment, and accountability among team 
members and that seeks to improve team membersNproblem-solving skills.
Partnering is a long-term commitment between two or more organisations for the 
purpose of achieving specific business objectives by maximising the effectiveness of
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his requires changing traditional relationships to a shared 
_____________ nisational boundaries. The relationship is based on trust,
dedication to common goals and the understanding of each otherl^ individual 
expectations and values.
f) Business and Project Process
Business and project processes incorporates all activities conducted to improve 
the efficiency, contract compliance and cost effectiveness of design, engineering, 
procurement, QA/QC, construction, and start-up elements of construction projects.
g) Contract and Risk Management
Contract and risk management is mainly about dispute resolution. Dispute 
resolution techniques include the use o f Disputes Review Boards, arbitration, mediation, 
standing neutral, etc as alternative dispute resolution processes to eliminate the necessity 
to take disputes to litigation. These techniques provide processes for addressing disputes 
in their early stages before the dispute affects the progress of the work, creates 
adversarial positions and lead to litigation (Abd Majid, 2004)..
d) KM-IT-PP Matrix
Another research finding on KM implementation in construction consulting 
industry is the matrix between KM, IT and Project Performance (Abd Majid, 2004). The 
matrix model is illustrated in Figure 2.13. The findings has identified significant 
differences among the two types of KM (exploitive and explorative), the two types of 
ITI capability (standardized and exclusive) and also two type of project performance 
(normal project performance and high project performance) among Malaysian 
construction consulting companies. Based on the model, a company can take these 
approaches simultaneously but successful companies do not use them to an equal degree, 
they tend to employ one dominant KM or ITI capability approach based on the situation 
they face (Abd Majid et al., 2004).
Figure 2.13 KM, ITI capability and Performance matrix model (Adopted from Abd 
Majid et al., 2004).
2.6 Information Technology Infrastructure Capability
IT Infrastructure Capability includes IT software and hardware components and 
combines them into a shared set of capabilities. These capabilities directly support 
business process.
2.6.1 ITIC and KM
Managing knowledge in manual environment without ITIC support consumes 
time and cost. As such, various studies show the impact of ITIC to KM in managing a 
company's knowledge. For example, Weil and Broadbent (1998) stated that KM 
interacts with and is supported by ITIC which involving network and shared groupware 
application.
Since KM is about collaboration among people, it needs the access sharing, 
dissemination, communication and collaboration of knowledge. To manage a company's 
knowledge, a specific set of ITIC and knowledge should be easily transferred through
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well-defined architecture and standard of data and 
_e-wide compatibility o f system (Well and Broadbent,
1998).
2.6.2 ITIC and Project Performance
An empirical study on construction firm performance shows that IT is positively 
associated with firm performance, schedule performance and cost performance. The 
study shows that for every 1 unit increase in IT utilisation, there is an increase o f about 
2, 5, and 3 percent in firm performance, schedule performance and cost performance 
respectively (Mashaleh et al., 2006). Furthermore, in design and construction, 
organisations depend on information technology to execute specific well-defined tasks. 
IT is used either for executing these tasks more efficiently, or for doing things that were 
not possible before. With the assistance o f IT, construction project teams can become 
more flexible, adaptive, and competitive by improving their performance (Bjork, 2001).
2.6.3 ITIC Components
ITIC is explained in terms of technology components. For example, Earl (1998) 
and Niederman (1991) have explained ITIC as a platform technology consisting o f the 
processing hardware and operating system, networking and communication 
technologies, data and core data processing applications. However today's view on 
ITIC includes IT managerial aspects such as IT planning and control that may affect the 
design and implementation o f technology components (McKay and Bockway, 1989; 
Dunkan, 1995; Weil and Broadbent, 1998). ITIC is generally describe as a set of shared 
and tangible IT resources that provide a foundation to enable present and future business 
applications.
r
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The first concept is integration. Integration refers to "the linking of individual IT 
components and services for the purposes of sharing software, communications and data 
resources" (Keen, 1991). The goal of integration is to ensure that technology 
components such as hardware, software, information and telecommunications work 
together seamlessly enterprise wide. Keen (1991) explains this concept as the degree to 
which information can be directly and automatically shared across systems and services. 
Integration also represents compatibility. Incompatibility is diametrically opposed to 
integration (Keen, 1991). Architecture and enterprise wide management of information 
technologies assures the compatibility of IT applications. O'Connor and Yang (2004) 
introduced The Industry-Wide Mid-Tech Work Function (WF) Index to measure the 
technology integration utilisation among industry pertaining to the following 15 work 
functions: access supplier product information, analyze construction methods, link 
supplier quotes to cost estimate, transmit requests for proposal to suppliers and subs, 
prepare & submit shop drawings, compile quotes into bid, communication construction 
progress, develop short-term work schedules, update as-built drawings, evaluate 
subsurface conditions, acquire & record laboratory test information, track equipment 
maintenance history, develop equipment maintenance plans, train facility operators and 
update as-built drawing. In the related study, O'Connor and Yang (2004) found that the 
technology usage for construction industry positively influence project cost success, 
particular for building, public, and medium projects specifically for project 
infrastructure, frond-end and design phases, project schedule and task automation.
In the current research related to integration, Taxe'n (2006) found a new 
approach to improve integration o f IT system through a concept called anatomy. The 
basic motivation for the anatomy is the need in complex situations to understand how 
things depend on each other. It shows the functional dependencies in the system from 
start-up to an operational system, and the term cfunctionalN shall be understood as the 
capability o f a certain system element to provide a utility that other system elements
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ntegration, Kraft et al. (2007) found a EToaster ModelS, 
_____________ lity required to support the integration process. The
dimensions of functionality addressed by the model include: data integration, repository 
manager; control integration, subsystem interaction manager, presentation integration, 
user interaction manager, process integration and the development manager.
The second concept that is required to be mentioned is collaboration. 
Collaboration refers to efforts by two or more individuals in order to perform certain 
tasks. People work together on tasks f^om designing products to teaching each other. 
Collaboration capability improves group working and knowledge sharing. Collaboration 
capability allows for groups of people to work together. Keen (1991) explained this 
concept as linking people and allows collaboration between them beyond space barriers. 
In current research, the collaboration capability is applied in electronic intermediaries 
(EIM). EIM has focused on electronic marketplaces (Muylle and Basu, 2008), for 
instance, identifies three market-making functions that can be supported by electronic 
markets: identification of potential trading partners, selection o f a specific partner, and 
execution of the transaction. In an Internet-based setting, Bakos (1998) describes two 
functions that are provided by Internet-based electronic marketplaces: (1) matching 
buyers and sellers; and (2) facilitation of transactions. The process o f matching buyers’ 
demand with sellers’ product offerings involves buyers’ determination o f product 
features offered by sellers as well as the aggregation o f different products by the 
marketplace, search o f buyers for sellers and of sellers for buyers, and price discovery. 
Where as the facilitation of transactions comprise logistics, payment settlement, and the 
establishment of trust. In another study on collaboration done by Held and Blochinge 
(2009), collaborative workflow system has been introduced. There are three sub­
processes o f collaborative workflow, which they call coordination, production and 
decision-making (Kambil and Heck, 1998). Coordination denotes the planning and 
assignment of tasks to collaborators, while production means collaborative development. 
Decision-making is the base o f coordination and requires analysis o f the manipulated 
artifacts.
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data management capability. Data has become an
organisational resource. It is the resource shared by multiple users at different levels of 
management and across various functions. Data is also shared by multiple IT 
applications. Data resource itself is an integral part of ITIC. The capability to manage 
the data is an important measure o f ITIC. The value o f an Information System (IS) is 
directly related to the quality o f the data. Garbage-in-garbage out is a popular cliche in
IS field. The capability to manage the data is an important measure o f ITIC. The popular 
KM technologies such as data warehousing, data mining and knowledge mining cannot 
be possible without data captured.
Security Capability is another key concept in ITIC. Security refers to the 
policies, procedures and technical measures used to prevent unauthorized access, 
alteration, theft or physical damage to information system. This became a critical issue 
in ITIC with the advent of the internet. In a broader sense, security includes disaster 
management and recovery planning management (Weil and Broadbent, 1998). In current 
research on computer security, Model-Driven Security (MDS) was conceived as a new 
approach towards building secure information systems, in which designers specify high- 
level system models along with their security properties and use tools to automatically 
generate system architectures from the models, including security infrastructures. The 
model focus in three aspects: (i) the system models are enriched with primitives and 
rules for integrating security into the development process, (ii) the model transformation 
techniques are extended to ensure that these security details are also transformed, and 
(iii) the system is obtained, including the security properties and the corresponding 
security mechanisms (Alam et al., 2009).
Finally all these ITIC are combined with IT human skills to provide unique 
services to organisational processes and IT applications. These capabilities are hard to 
imitate by competitors as shown in Figure 2.14.
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IT Human Skills
Integration
Capability
Collaboration
Capability
Data Management 
Capability
Security
Capability
Utility
Capability
Other Capability
Figure 2.14 ITIC Concepts (Adopted from: Kim, 2001)
Based on the above literature, IT infrastructure capability (ITIC) can be 
considered as a success factor for PP in construction consulting companies. For the 
purpose of this study, the above ITIC concepts introduced by Weil and Broadbent 
(1998) and supported by other researchers (McKay and Bockway, 1989; Dunkan, 1995; 
Keen, 1991; Earl, 1998) and further enhanced by Kim (2001) shall be used as variables 
together with KM which shall be the push factors to increase PP in Malaysian 
construction consulting companies.
2.7 Project Performance in Construction Industry
Researches on project performance (PP) in construction industry show that there 
are several measures of PP. For example, Ward et al. (1991) describes project 
performance is about measuring the performance on the extent to which client objectives 
like cost, time and quality were achieved.
2.7.1 Project Performance Management framework
Over the last two decades, a considerable amount of research has been carried 
out on identifying important factors that affect construction performance at one or more
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ividual organisational participant level, and work package 
_____________ 1 terms of cost, time, productivity, safety, and so forth. To
date, however, researchers have not reached a consensus as to the most important or 
critical measures that influence achievements with respect to each performance measure, 
and further, for the measures identified, there is little consistency in their definition and 
use of language (Beamon, 1999). Also, researchers have explored different methods to 
establish models for explaining or predicting performance using various sets of critical 
measures (Keegan et al., 1989; Maskell, 1989; Dixon et al., 1990).
Meanwhile, various researches in other industries like manufacturing, have 
introduced new methods and techniques to shift traditional paradigms in order to 
improve their performance. This has led to the creation of new philosophies such as 
concurrent engineering/construction, lean production/construction and total quality 
management. The main driver behind those philosophies is the optimisation o f an 
organisation's performance both internally and externally within its respective 
marketplace. Inevitably, this has led to the crethinking' of performance management 
systems through effective performance measurement.
Therefore, performance measurement is the process of determining how 
successful organisations or individuals have been in attaining their objectives and 
strategies (Evangelidisz, 1992). To achieve this, the outputs of organisational strategic 
and operational processes are measured in a quantifiable form, to monitor the cvital 
signsNof an organisation (Hronec,1993; Euske, 1984). The model o f performance 
management in organisation and its relation to other organisational elements is 
illustrated in Figure 2.15.
54
Figure 2.15 Performance management and measurement process
2.7.2 Project Performance Measures
To measure project performance, performance measures has been identified in 
operation as early as the beginning of our century (Chandler, 1997). Those performance 
measures traditionally have concentrated on finances, e.g. return on investment, sales per 
employee, profit per unit production; as in the words of Sanger (1998), "they have 
concentrated on financial measures which are useful -  but they tend to measure the past 
and they tend to measure the easily measurableS. The financial measures identified by a 
number o f authors, for example Johnson and Kaplan (1987), Hayes et al. (1988), 
Crawford and Fox (1990) and Johnson (1994) are inadequate. Neely (1999) identified 
that the reason why these types o f measures are criticized is because they encourage 
short-termism, lack strategic focus and fail to provide data on quality, responsiveness 
and flexibility, encourage local optimisation, and do not encourage continuous 
improvement. The main reason for this criticism of financial measures is they are 
flagging metrics'^Ghalayini and Noble 1996) in that they report on results and decisions 
made in the past and therefore are of little use in improving current performance.
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roduced The Iron Triangle Model which demonstrates the 
measures; time, cost and quality as shown in Figure 2.12.
In line with the above findings, McKim et al. (2000) has identified cost, schedule, and 
quality as the three main performance measures for construction industry and these three 
measures o f performance are highly interrelated and affect one another. Cost, schedule, 
and quality performance measures were considered as quantifiable measurements for PP 
(McKim et al., 2000). In consistency with previous researches, cost overrun, schedule 
overrun, and the cost of rework have been used to measure cost, schedule, and quality 
performance, respectively (Sanvido et al. 1992; Weston and Gibson 1993; Gibson and 
Hamilton 1994; Ledbetter 1994).
Cost
Figure 2.16 - The Iron Triangle (Source: Atkinson, 1999)
Based from various significant research advancements in the area o f project 
performance, it have been highlighted that the typical performance measures are cost, 
time and quality (Gomar et al. 2002; Feng et al. 2000; El-Rayes 2001; El-Rayes and 
Moselhi 2001; Hegazy and Ersahin 2001; Hegazy andWassef 2001; Leu and Hwang 
2001; Jaraiedi et al. 1995; Ellis and Amos 1996; El-Rayes and Hyari 2004). 
Furthermore, Hendrickson (2000) defines the performance measures as follows:
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Project cost is one of the main performance measures for construction project. 
The construction cost includes both the initial capital cost and the subsequent operation 
and maintenance costs. Each of these major cost categories consists of a number of cost 
components.
(a) The capital cost for a construction project includes the initial expenses of 
construction project such as Land acquisition, including assembly, holding 
and improvement, Planning and feasibility studies, Architectural and 
engineering design, Construction, including materials, equipment and labor, 
field supervision o f construction, Construction financing, Insurance and taxes 
during construction, owner’s general office overhead, equipment and 
furnishings not included in construction and Inspection and testing.
(b) The variation orders for a construction project which involve additions, 
omissions, alterations and substitutions in terms of quality, quantity and 
schedule o f works without alteration o f the original contract. Ssegawa et al 
(2002) argued that the spirit in which variation orders are permitted contract 
to proceed without compiling another contract to cater for the changes. Most 
contracts make provisions for possible variations given the nature of building 
construction (Finsen, 1999). A degree o f change should be expected since it 
is difficult for clients to visualize the end product they procure (Love, 2002) 
and unforeseen conditions may arise which require measures that have not 
been provided for in the contract (Finsen, 1999).
(c) The total amount of each o f these cost components depends on the nature, 
size and location o f the project as well as the management organisation. The 
owner is interested in achieving the lowest possible overall project cost that 
is consistent with its investment objectives (Hendrickson, 2000).
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;dule
Project time or schedule is another performance measure o f a construction 
project. The objective o f a good project timeline or scheduling is to match the resources 
of equipment, materials and labour with project work tasks over time. Good scheduling 
can eliminate problems due to production bottlenecks, facilitate the timely procurement 
of necessary materials, and otherwise insure the completion of a project as soon as 
possible. Delays in the completion of an entire project due to poor scheduling can also 
create havoc for owners who are eager to start using the constructed facilities.
There are two type o f scheduling techniques; resource oriented and time 
oriented. For resource oriented scheduling, the focus is on using and scheduling 
particular resources in an effective manner. Whereas, for time oriented scheduling, the 
emphasis is on determining the completion time of the project given the necessary 
precedence relationships among activities. Combination of these two techniques called 
Hybrid techniques has been introduced to complement each other.
2.7.2.3 Project Quality
Quality is one of the important concerns for project owners and managers that 
indicate PP. Defects or failures in constructed facilities can result in very large costs. 
Even with minor defects, re-construction may be required and facility operations 
impaired. Defects and failures also may increase costs and delays. In the worst case, 
failures may cause personal injuries or fatalities. Accidents during the construction 
process can similarly result in personal injuries and large costs. Indirect costs of 
insurance, inspection and regulation are increasing rapidly due to these increased direct 
costs. Good project managers try to ensure that the job is done right the first time and 
that no major problems occur on the project, thus no extra cost incurred.
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lecisions regarding the quality are made during the design 
_____________ I during construction. It is during these preliminary stages
that component configurations, material specifications and functional performance are 
decided, and quality control during construction consists largely o f insuring 
conformance to the original design and planning decisions. With the attention to 
conformance as the measure o f quality during the construction process, the specification 
of quality requirements in the design and contract documentation becomes extremely 
important. Quality requirements should be clear and verifiable, so that all parties in the 
project can understand the requirements for conformance.
2.7.3 Algorithm to Measure Project Performance
There are several algorithms that have been derived to measure PP based on cost 
and schedule.
2.7.3.1. Cost Performance Index (CPI)
Based on CII report, Cost and schedule performance indices (C/SPIs) are used to 
measure PP (CII, 2004). CPI (Cost Performance Index) is simply a comparison o f what 
is done against what is spent, and SPI (Schedule Performance Index) compares what is 
done with what is planned to do. Index implies ratio.
Therefore, CPI = BCWP/ACWP and SPI = BCWP/BCWS 
Where:
BCWP is a budgeted cost for work performed 
ACWP is the actual cost of work performed 
BCWS is budgeted cost for what is planned to do
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;eded in calculating C/SPIs are percent complete, percent 
_his information should be made available from progress
reports, schedules, and invoices (Chang et al., 2001). In addition, Chang et al. (2001) 
also stressed on measuring PP at each milestone since deliverables o f construction 
projects are submitted at various milestones. This mechanism provides the advantage of 
controlling interim cost or schedule adequacy at the milestone level in addition to 
exerting the periodic control at the project level.
2.7.3.2 Project Performance Factor (PPF)
Another method of measuring PP has been introduced by Attalla et al. (2003) 
known as PPF (Project Performance Factor), which represents a quantifiable and 
objective measure of the overall performance of reconstruction projects. To measure 
PPF, the PP of a project is measured as a function of the cost overrun, schedule overrun, 
and the cost associated with the level of quality achieved. The cost of quality is 
represented by the value of rework required from the contractor in order to achieve the 
required quality levels.
The PPF has three components representing cost, quality, and schedule, respectively. 
The PPF formulation is as follows:
PPF:
= X.
= Y.
= Z.
r
1 - change order cost 
original contract value
1 - cost of rework
original contract value
1 - schedule delay 
original schedule
.100
.100
.100
where X, Y, and Z  are weighting factors for the three measures.
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Measurement Variables
Abd. Majid et al. (2004) introduced variables for measurement of project cost, 
time and quality.
Cost variables = financial limit for the project, planned cost schedule for all 
activities and total cost.
Time variables = time limit or final date of completion for the project, scheduled 
project activities, project meeting's agenda.
Quality variables = project goals, missions and master plan, benefits for the end 
users, quality parameters and standard, involvement of all key participants in the project 
planning and well compiled experience and documentations for lesson learnt.
In a recent study, Cho et al. (2009) introduced project variables known as project 
characteristics to measure the performance of a construction project (Figure 2.17). There 
are four type o f characteristics; project characteristics, contractor characteristics, 
environment characteristics and owner characteristics. The variables o f each type of 
characteristics are defined below:
Project characteristics variables comprise o f (i) Project scale, (ii) Time to budget 
fixed, (iii) Type of project, (iv) Level of construction complexity, (v) Percent of 
repetitive elements, (vi) Project scope definition completion when bids are invited, (vii) 
Flexibility o f work scope, (viii) Level of design preparation by owner, (ix) Location of 
site(i.e. level o f approach on site), and (x) time given to contractors to prepare bidding 
document.
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cs variables consist of (i) contractorN paidup capital, and 
_____________ ;onstraction management.
Owner characteristics variables are made of (i) owner's capability for 
construction management, (ii) owner's administrative burden, (iii) owner's experience 
with similar projects, (iv) owner's level of control over the design changes, and (v) 
communication among project team members.
Environment characteristics variables include (i) project scale, (ii) time to budget 
fixed, (iii) type o f project, (iv) level o f construction complexity, (v) percentage of 
repetitive elements, (vi) project scope definition completion when bids are invited, (vii) 
flexibility o f the work scope, (viii) level o f design preparation by owner, (ix) location of 
site, and (x) time given to contractors to prepare their bids.
Figure 2.17 Performance Indices (Cho et al., 2009))
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an project performance variables, Elyamany (2007) 
_____________ tion model for construction companies in order to provide
a proper tool to a company's managers, owners, shareholders, and funding agencies to 
evaluate the performance of construction companies. Five indices models are developed: 
company performance score, economy performance score, industry performance score, 
performance index, and performance grade.
Furthermore, Kim et al. (2009) introduces key variables based on the structural 
coefficients that significantly determine the performance of a construction project. The 
primary variables drawn from the study are: contractor's ability and experience, quality 
of design, quality o f estimation, cost management, commitment of organisation, claim 
and dispute resolution, contract condition, project environment, project condition, 
attitude and ability of owners and A/E, project information in early stage, bidding 
competition, relationship on a J/V and condition o f host country. The model is illustrated 
in Figure 2.18.
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 ^ N o t e : D ependent variable -  evel o f  profit, cost variation, tim e deviation
Figure 2.18 Project Performance Model (Kim et al., 2009)
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This chapter has presented a comprehensive literature review on KM, ITI and 
PP. In short, KM can be defined as a systematic and strategic approach of managing 
knowledge through KM cycle starting from discovery until recreation of new knowledge 
to maximize the benefits o f the corporate knowledge. ITIC can be defined as elements in 
ITI which are important to support and facilitate the KM activities. The main 
performance measures are mainly cost, time and quality.
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CHAPTER 3
METHODOLOGY
This chapter provides information concerning the research methodology and 
procedures utilized for the proposed study. Studying the relationship between ITIC, KM 
and PP requires a method of research that can capture the multiplicity o f activities that 
make up the learning process as well as permit an understanding of the organizational 
environment that influences these activities.
Thus, to facilitate the research, a suggested research model is presented to 
illustrate the relationship o f the three construct. This suggested research model is farther 
explained to elaborate the theoretical and conceptual models o f the study. This is 
followed by the discussion of hypotheses o f the study, population and data sampling 
procedures, instruments for collecting data, pilot studies, data collection and analysis of 
data.
3.1 Work Plan
This project can be categorized as a mixed study since it combines qualitative 
and quantitative research approaches. For quantitative research approach, the study 
adopted the survey research design by selecting and studying the sample chosen from 
consulting companies registered with various professional bodies namely Association of
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;ia, Board of Quantity Surveyor Malaysia, Malaysian 
_____________ d of Architect and recommended by CIDB. Accordingly,
the research steps follow the scientific research design. Under this design, a 
predetermined instrument is developed to collect data for analysis. The research 
hypotheses and preposition were developed prior to conducting the research. In 
addition, qualitative study which comprise of semi-structured interview, document 
review and observation was conducted to explore the insight of the quantitative findings 
as a complementary to the quantitative research approach.
3.2 Theoretical and Conceptual Framework
Theoretical and conceptual frameworks for this study were developed based on 
the research f^ow chart (refer Figure 3.1). The uniqueness of this research is that the 
theoretical and conceptual frameworks were continuously developed after the 
completion o f the literature review. The literature review uncovered the following four 
critical models for the study. The first model is CII Knowledge Area which 
demonstrates the components of knowledge area and KM indicators in construction 
industry (CII, 2004). The second model is the components of ITIC as introduced by 
Kim (2001). The third model demonstrates the components of PP; time, cost and 
quality (Atkinson, 1999). And finally, the fourth model demonstrated the combination 
of Knowledge and Information Resources as the critical success factors of Strategic 
Management for Construction Industry (Meredith, 1999).
Figure 3.1 Flowchart of Research
3.2.1 Theoretical Framework
The theoretical framework is based on Figure 3.2 which shows that for a 
construction consulting company to improve the PP, the company is influenced by or
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;ast, two major factors namely KM and ITIC. Each factor 
_ motivating the construction consulting company either
independently or through interactions with other factors as a group, thus implying the 
concept of integration. These factors would determine the levels of the company's 
ability to perform well in the project consultation to improve the whole PP. However, 
this simplified theoretical framework needs to be elaborated to address the complexity 
of the study by the development of the conceptual framework.
Figure 3.2 Preliminary Integrated Theoretical Framework
3.2.2 Preliminary Conceptual Frameworks
In order to operationalize a theoretical framework, Foley and Clifton (1990) 
suggested that an appropriate conceptual framework is needed and it should be 
developed to reflect the environment within which the study is conducted. Therefore, an 
initial conceptual framework was developed as shown in Figure 3.3. KM and ITIC are 
classified as the push factors because the pressure of competition creates the need to 
develop competence and ultimately forces organisations to constantly strive for 
improved performance by shedding old ways which are not productive and look for new 
possibilities to improve performance (Stacey, 1995). Rapid changes in the character of 
the workplace have fundamentally changed the nature of jobs and have also led to the 
demand of a different level of performance from workers.
70
Output Push Factors
Figure 3.3 Initial Conceptual Framework
Figure 3.4 presents an improved conceptual model that takes into consideration 
the demographic variables used in the study. CII Knowledge Area and ITIC models 
identify people and human skill as important elements of the model respectively. 
Furthermore, demographic characteristics o f individuals like age, gender, race and 
education have long considered important variables in psychological research (Zedeck 
and Cascio, 1984). The streams of research has documented results indicating that often 
individual's demographic variables are significantly associated with work outcomes 
such as performance, satisfaction, turnover, selection and leadership have been 
investigated by several researchers (Blau, 1985; Parsons & Liden, 1984, Steckler & 
Rosenthal, 1985). In this study, we feel that the inclusion o f demographic variables 
would be useful to explain the effect of company's and respondent's background on PP 
(refer Appendix 1).
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Figure 3.4: Improved Conceptual Framework
3.2.3 A Finalized Conceptual Framework (Pre-analysis)
Based on the initial and improved frameworks, the finalised conceptual 
framework (pre-analysis) is presented in Figure 3.5. The framework shows that cost, 
time and quality o f the construction project are treated as the dependent variables. 12 
independent variables of KM, 6 independent variables of ITIC and 5 moderators were 
used for the study. Supporting hypotheses will be formulated based on the finalised 
conceptual framework.
Dependent variables Moderator Independent Variables
Figure 3.5 Conceptual Integrated Framework (Pre-Analysis)
The finalized conceptual research for this study is developed by using the factor 
approach. The factor approach is favored over the process approach to better understand 
the relationship between causes and effects, whereby, within the context of this research 
the effect is construction PP.
In factor theories, these variables are usually conceptualized as variables: entities 
which can take on a range of values (Malhotra, 1997). Based on the finalized conceptual 
model, twenty seven variables (12 independent variables of KM, 6 independent variables 
for ITIC, 5 moderators and 3 dependent variables) were identified and used for this
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Dendent variables are illustrated to be related to PP 
_____________ known whether the relationship is positive or negative,
strong or weak and how the 19 independent variables and 5 moderators best relate to PP.
The first dependent variable is project time. The importance of time towards PP 
is reflected by an early study by Twomey (2006) which highlighted that the key factors 
in keeping a project on track are to understand what causes delays and then to properly 
plan and manage time schedule issues before they become problems.
The second dependent variable is project cost. Cost estimating is one of the most 
important steps in cost variable consideration within project management (Hendrickson, 
2000). A cost estimate establishes the base line of the project cost at different stages of 
development of the project.
The third dependent variable is project quality. Quality control and safety 
represent increasingly important concerns for project managers.
The independent variables are divided into two main variables; KM and ITIC. As 
for KM variable, it is further expanded into 12 knowledge areas as KM indicators; front- 
end planning, design, procurement, construction, start-up operation, people, 
organization, project control, contract management, safety, health and environment, IT 
management and technology system and globalization issues (CII, 2004). The other 
main independent variable is ITIC as mentioned by Kim (2001) which consists o f IT 
integration capability, IT collaboration capability, IT data management capability, IT 
security capability and IT utility capability.
Based on the above definition, expert opinions and the population characteristics 
of Malaysian Consulting Companies, the author found that type o f company such as 
Architectural, Engineering, Quantity Surveyor and Project Management may give 
different effect on the PP since the involvement of the above consultants is different in
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le timing of their involvement in the project. In fact, the 
_____________ n investment in Malaysia has been recognized by USA
through their website (US Department of State, 2007).
3.3 Research Hypotheses and Propositions
Based on the research questions derived earlier and finalized conceptual model, 
the respective research hypotheses and proposition were formulated. As the research 
questions 1, 2, 3 & 4 as well as research question 5 are oriented towards quantitative and 
qualitative methods, the research hypotheses were formulated for research questions 1,
2, 3 and 4, while research propositions were formulated for research question 5.
3.3.1 Research Hypotheses
A series of hypotheses could be developed to answer the following research 
questions 1, 2, 3 and 4 (RQ1, RQ2, RQ3 and RQ4):
RQ1 What are the critical components of KM, ITIC and PP in Malaysian Construction 
Consulting Companies?
RQ2 What are the levels o f KM, ITIC and PP among Malaysian Construction 
Consulting Companies?
RQ3 What are the differences in the level o f PP based on demographic background? 
RQ4 What model could be developed to best predict PP based on KM and ITIC?
Based on Figure 3.5, descriptive analysis, factor analysis, reliability test and 
impact ratio could be developed to explore the components of KM, ITIC and PP in 
order to address the first research question (RQ1). Subsequently single mean t-tests 
could be developed to investigate whether the level o f KM during front-end planning,
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ion, start-up and operation, people, organization, project 
_____________ alth and environment, information management and
technology system and globalization issues is high.
The analyses also help to investigate whether the level o f integration capability, 
collaboration capability, data management capability, security capability, utility 
capability and other capability is significantly high. Furthermore, the analyses could be 
used to investigate whether the level o f PP from perspective o f time, cost and quality is 
significantly high. As such, the following research hypothesis was formulated 
accordingly to answer the second research question (RQ2):
RH 1: The levels of KM, IT and PP are significantly high
The existence o f five demographic variables in the study allows comparison of 
PP to assess the existence of differences. Thus, the following research hypothesis2 using 
One-way ANOVA and Independent t-tests was formulated to compare mean ranking of 
all items (or attributes) measuring PP by each demographic variable in order to answer 
the third research question (RQ3):
RH2: There are differences in mean o f PP based on the background of the
consulting companies
The relationships were further tested using correlation analysis to obtain the 
explanatory power of the variables. A series of Pearson correlation analyses were 
performed between project time, project cost, project quality and project scope and the 
other nine variables of KM and six variables of ITI. The analysis was necessary to test 
the following research hypotheses (RQ4):
RH3: KM and PP are positively related
RH4: IT and PP are positively related
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intended to derive the best model to predict PP based on 
_____________ ifrastructure capability and the demographic information.
As such, the following research hypothesis was further formulated accordingly to 
answer the fourth research question (RQ4):
RHs: PP can be predicted by KM, ITIC and the demographic information of the 
consulting companies
3.3.2 Research Propositions
Qualitative propositions are similar to hypotheses only that they address issues 
involving "what" and "how" questions. As such, the following proposition was 
developed to address the research question 5 of this study.
RQ5: How do KM & IT influence PP?
Prop1: Each element of KM and ITIC has the same impact on PP of Construction
Consulting companies in Malaysia
The above proposition is designed to further clarify the impact of KM and ITIC 
on PP of Construction Consulting companies in Malaysia through exploratory study, 
besides exploring the mechanism used to deliver KM and ITIC. The elements of the 
above proposition will be answered based on an analysis o f a semi-structured interview, 
document review and observation conducted upon a sample o f construction consulting 
companies registered with various professional bodies namely Association o f Consulting 
Engineers Malaysia, Board of Quantity Surveyor Malaysia, Malaysian Institute of 
Architect and Board of Architect Malaysia and recommended by CIDB.
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The research methods selected in this study are designed to answer the research 
questions posed earlier.
3.4.1 Mixed Method
The methods used for the research were a combination o f quantitative and 
qualitative studies. Greene et al. (1989) listed four purposes for the use of mixed 
methods, including (1) complementary purpose (examining overlapping and different 
facets of a phenomenon), (2) initiation purpose (discovering paradoxes, contradiction 
and fresh perspectives), (3) development purpose (using the methods sequentially, such 
that results from the first methods inform the use o f the second method), and (4) 
expansion purpose (mixed methods will add breadth and scope to a project).
The aforementioned purposes can be achieved through the combination o f the 
qualitative and quantitative approaches in this research when answering RQ1, RQ2, 
RQ3, RQ4 and RQ5. With respect to RQ1, RQ2, RQ3 and RQ4, a quantitative study is 
necessary to identify critical components of ITIC, KM and PP, to investigate whether 
there is any effect of demographic background of the company on the PP and to find the 
best model to determine PP based on KM, ITIC and demographic background. At the 
first level o f the study, the problem is of a structured nature and quantitative methods are 
suitable as hypotheses are required to be tested out. At the second level, qualitative 
methods are more useful as an expansion to scope of study. It is generally accepted by 
proponents of complementarities that, for inductive and exploratory research, qualitative 
methods are more useful (Raduan, 1999). Finally, the qualitative research method was 
deployed to cross check findings from RQ1, RQ2, RQ3 and RQ4.
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Quantitative tool utilised for this study comprise of survey questionnaires as 
shown in Appendix 1. For the survey on KM, ITIC and PP, factor analysis and reliability 
tests were conducted to answer research question 1. One-way ANOVA and independent 
sample t-tests were utilized to answer research question 2, and for research question 3, 
correlation and multiple regression with backward elimination technique were utilized. 
The .05 level o f confidence was used to determine statistical significance.
A questionnaire was developed taking into consideration all the variables 
mentioned in the literature review. The recommended Malaysian construction consulting 
companies were sent a letter with the questionnaire inviting them to participate in the 
survey. In accordance with the norm, participation in the study was voluntary and the 
subjects were free to withdraw at any time without penalty. They were free to decline to 
answer any questions they did not wish to answer. The subjects were informed that their 
responses would be anonymous and confidential and that all questionnaires would 
remain with the research team.
The instrument employed in this study is a 103-itemed questionnaire which was 
then divided into four main parts. The first part of the questionnaires comprise o f KM 
activities related to the Knowledge Areas in Construction as KM indicators which was 
adopted from CII (2004) and modified by the author to suit to the requirement of study.
There are 12 independent variables of KM (KM);
i) KM Front-End Planning refers to the activities where knowledge on pre­
project planning, early estimation, and modularization is captured and managed 
to ensure all factors are considered during the project planning stage;
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:o the activities where knowledge on project design
_____________ and managed to improve design and cost effectiveness by
using computer software;
iii) KM Procurement refers to the activities where knowledge on suppliers and 
materials is captured and managed during the procurement process to reduce 
the procurement process time and mistakes;
iv) KM Construction refers to the activities where knowledge on project cost, 
schedule, risk and workers is captured and managed for control purposes;
v) KM Startup and Operation refers to the activities where knowledge required 
for starting up and operation of the projects is captured and managed for 
smoothen the startup and operation process;
vi) KM People refers to the activities where knowledge required for education and 
training is captured and managed for productivity measurement;
vii) KM Organization refers to the activities where knowledge on the organization 
of the project such as project team, leaders, partners and culture is captured and 
managed effectively;
viii) KM Project Processes refers to the activities where knowledge o f project 
processes is captured and managed to ensure the high quality of product;
ix) KM Project controls refers to the activities where knowledge of project 
changes and work packaging is captured and managed for control purposes;
x) KM Project controls refers to the activities where knowledge of project 
changes and work packaging is captured and managed for control purposes;
xi) KM Contracts refers to the activities where knowledge o f project deliverables, 
contract strategies and incentives is captured and managed for control and crisis 
management purposes;
xii) KM Safety, health and environment refers to the activities where knowledge 
of safety techniques such as zero accident techniques, design for safety and 
healthy environment is captured and managed for safety and healthy 
environment of the project;
xiii) KM Information management refers to the activities where knowledge on 
how Information and communication technology help the consulting companies
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\ such as the utihzation of automatic identification, 
_____________ wireless technology and automation.
The second part of the questionnaires focuses on ITIC and was adopted from ITI 
capability components identified by Broadbent et al. (1996) and Kim (2001), and was 
modified by the author to suit to the requirement of the study.
There are 6 independent variables of ITI Capability;
i) Integration Capability refers to "the linking of individual IT components and 
services for the purposes of sharing software, communications and data 
resources" (Keen, 1991);
ii) Collaboration capability refers to mutual efforts by two or more individuals in 
order to perform certain tasks and it links people and allows collaboration 
between them beyond space barriers (Keen, 1991);
iii) Data management capability refers to the ability to manage organization's 
data effectively and allow data sharing by multiple users at different levels of 
management and across various functions, as well as multiple IT applications;
iv) Data Security Capability refers to the procedures, policies, and technical 
configurations used to prevent unauthorized access, alteration, theft or physical 
damage to data and system (Weil and Broadbent, 1998); and
v) IT Utility Capability is a common IT services to facilitate IT implementation 
such as IT planning, IT support, IT education and training to end-users (Weil and 
Broadbent, 1998).The third part of the questionnaires consists o f construction PP 
factors which was adopted from PP components introduced by Abd Majid et al. 
(2005) and was modified by the author to suit to the requirement of study.
There are three dependent variables o f PP;
i) Project time refers to the ability o f the project to be completed on time based on 
the schedule;
ii) Project Cost is the ability o f the project to be completed within the budgeted 
cost; and
9PDF
0 Q p p |p  0 ^ 0  Thank you for using
Your complimentary
use period has ended. 81
PDF Complete.
to the ability of the project to be constructed based on the 
_____________ it the early stage.
Finally, the fourth part of the questionnaires comprises o f five type of 
demographic information includes Type o f Company; Company Ownership; Working 
Experience; Position; and Level o f Education. Towards the end o f each o f the main 
section (KM. ITI, PP and Demographic), the respondents were requested to provide 
comments to ensure that their personal views could be expressed without being 
restricted by the five-point scale.The finalized questionnaires for KM, ITI and PP are 
shown in Appendix 1.
Both closed and open-ended questions were used in the survey questionnaire. 
Close-ended questions comprised o f scales to measure differences in perceptions along a 
five-point continuum. Likert-like scales provide more information about the 
respondentsNdegree o f contribution, agreement or necessity, and can provide subtler and 
deeper ramifications o f the perception to be explored (Oppenheim, 1992). The 
appropriate number of points used in the scale is often debated. Some researchers agree 
that the optimal length of the scales needs to be determined by the nature of what is to be 
examined and the extent to which respondents can discriminate among levels (Light, 
Singer and Willet, 1990).
3.4.3 Measuring Knowledge Management, IT Infrastructure Capability, 
and Project Performance 
3.4.3.1 Measuring Knowledge Management
Items used in measuring KM were adopted from Knowledge Areas of 
Construction Industry Institute (CII, 2006), United State of America. These twelve
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nning; design; procurement; construction; start-up and 
_____________ n; project processes; project controls; contracts; safety,
health, and environment; information management and technology systems; and 
globalization issues were considered as pertinent to the implementation of KM 
principles in Malaysia.
3.4.3.2 Measuring IT Infrastructure Capability
The nature of Information Technology can be described from a business 
perspective using the concept of ITIC (Broadbent et al., 1996; Weil and Broadbent, 
1998, Kim 2001). Abd Majid et al., (2005) have modified the ITIC components 
identified by Broadbent et al. (1996). ITIC components in this study were adopted from 
Abd Majid et al. (2005) and modified by the author to suit to the requirements of the 
study. These six factors namely, integration capability, collaboration capability, data 
management capability, security capability, utility capability and other capability were 
considered as pertinent to the implementation of ITIC in Malaysia.
3.4.3.3 Measuring Project Performance
PP components ware adopted from Abd. Majid et. al, (2005) and modified by the 
author to suit to the requirements of the study. This study considers how PP is integrated 
from three variables thus impact PP. These three factors namely, time, cost and quality 
were considered as pertinent to the PP in Malaysia.
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Choice of research method depends upon the nature of the research problem. The 
method of research best suited to examine the individual within its context and the 
dynamics between the individual and its context is qualitative research (Bogdan and 
Bicklen, 1982; Lincoln, 1985). The qualitative research method allows the author to 
observe and explore the relationships or events as they happen in human life situations 
by questioning and observing the person doing their normal routines (Merriam and 
Simpson, 1984). Qualitative research is frequently used as a generic term under which a 
number of research strategies reside (Bogdan and Biklen, 1984). These strategies include 
several research procedures are used in qualitative research, including interviews and 
analysis of documents will be employed in this study.
Using snowball sampling technique, 7 construction consulting companies in 
Malaysia registered with various professional bodies and recommended by the 
Construction Industry Development Board (CIDB) were selected for the qualitative 
study. Those companies were further recommended by each other. The selection was 
based on the level of understanding o f KM and level o f commitment to ITIC in the 
companies. The 7 recommended companies are: DZJ Architect Sdn. Bhd, Ikatan Cipta 
Bina Sdn. Bhd, Ihsan Team Consultant Sdn. Bhd, Ilham Consult Sdn Bhd, G & P 
Professionals and HLA Project Management Sdn. Bhd.
3.4.4.1 Semi Structured Interview
Interviews provide an important source of data for case study. This method was 
employed because it allows the researcher to better access the thoughts and feelings of 
the interviewees as compared to other methods, such as observations and questionnaires, 
which do not provide the same richness of data. As Patton (1990) notes, it is necessary 
to ask people questions about how they organise their work and the meanings they attach 
to what goes on if one wishes to gain insight into how they interpret that world.
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;commends that interviews should only be used when no 
_____________ ; information one is seeking. The purpose of this study,
which is to understand how construction consulting companies utilize KM and IT to 
improve their PP, is clearly in the category Patton considers to be appropriate.
The collection of data must occur in a face to face situation in a research context 
and involve the posing of questions by the investigator. The ability to tap into the 
experience o f others in their own natural language, while utilising their value and belief 
frameworks, is virtually impossible without face to face and verbal interactions with 
them (Guba and Lincoln,1985: 155)
The types o f questions asked and the ability o f the interviewer are potential 
limitations of interviewing (Brookfield, 1987; Jones, 1985; Patton, 1990). To avoid these 
limitations, it is generally recommended to phrase questions that are open-ended, 
conversational and simply termed that interviewees will understand, to use variety in the 
types of questions, to probe and develop unexpected responses and emerging themes, to 
be neutral and emphatic and non-evaluative of responses (Berg, 1989; Brookfield, 1987; 
Jones, 1985; Patton, 1990). In line with Kirkpatrick's recommendations (1971), the 
current study’s data collection instrument is a structured multi-item questionnaire with 
open-ended questions (refer Appendix 4a). Open-ended questions have the potential of 
bringing out silent factors and can capture idiosyncratic differences (McMillian and 
Schumacher, 1997). Finally, to facilitate the study, an interview protocol (Appendix 2) 
was incorporated into the semi-structured interview to assess how KM and ITI affects 
PP of Malaysian construction consulting companies.
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Much of the literature on research methods has suggested that observational 
studies may help a researcher to comprehend complex issues through direct observation, 
either as a participant or a non-participant observer (Sekaran, 2003). Observation allows 
a researcher to understand a phenomenon of the company which can not be obtained 
through interviews (Patton, 1990). The observation method was used to gain an insight 
into the daily operation o f Malaysian construction consulting companies. Issues such as 
working conditions, availability o f documentations as well as IT equipment and facilities 
can best be understood without asking the respondents themselves for information. 
Further to this, workersN interaction in the company, working style and general 
appearance o f the companies can best be determined by direct observation method. Each 
observation was recorded in the forms of contact sheets (See Appendix 3) which details 
each recorded entries including descriptions o f activities, language, behaviour, lists of 
personnel present, the setting or environment and the researcherl^ own personal 
subjective notes and observations are summarized in Appendix 6.
3.4.5 Sampling
The sample of the construction industry consultants were obtained from the 
Board of Architect, Board of Engineers and Board of Quantity Surveyor. However, the 
listing has been reviewed, shortlisted and recommended by Construction Industry 
Development Board (CIDB). The recommended sample includes 500 active construction 
consulting companies comprising of engineering, quantity surveying, architectural and 
project management companies.
A multistage random sampling (Pedhazur and Schmelkin, 1991). has been 
utilized to construct the samples. The sample is constructed by taking a series of simple 
random samples in stages. In a multistage random sample, the population is first divided
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dom sample o f each group is identified. Sekaran (2003) 
random sampling technique be used in studies such as
this research to ensure that all type o f companies are selected to form the sampling frame 
and to ensure deployment of a scientific method to select the final sample which is not 
biased (refer Table 3.1).
In stage 1 of multistage random sampling, the sample was grouped based on type 
of companies (Table 3.1) and in stage 2, the appropriate number o f sample was derived 
using selection method proposed by Israel (1992). Based on the Table 3.2 with ±7% 
precision level, a minimum target of 143 was determined adequate for the study. The 
final sampling frame is shown in Table 3.3.
Table 3.1: Stage One of Random Sample in Multistage Random Sampling
Type of Consulting Companies No of company Percentage
Engineering 200 40%
Quantity Surveyor 125 25%
Architecture 125 25%
Project Management 50 10%
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Vo Precision Levels where confidence level was 95%
Population Size Sample Size (n) for Precision (±7%) of:
100 67
125 78
150 86
175 94
200 101
225 107
250 112
275 117
300 121
325 125
350 129
375 132
400 135
425 138
450 140
500 143
Table 3.3: Stage Two Random Sample in Multistage Random Sampling
Types of Consulting Companies No of Companies Percentage
Engineering 57 40%
Quantity Surveyor 36 25%
Architecture 36 25%
Project Management 14 10%
3.4.6 Validity and Reliability of the Instrument
The validity and reliability o f the instruments used determines the scientific 
worth of any study. Without satisfying both, the study will have little, if any, value to the 
body o f scientific knowledge (Creswell, 1994; Leedy and Ormrod, 2001). Both validity 
and reliability are crucial to any research.
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le soundness and the effectiveness of the measuring 
_____________ ;gree to which a test measures what it is supposed to
measure and consequently permits the appropriate interpretation o f data. The analysis of 
validity was performed by content and construct validities. The experts in academia and 
in practice validated the contents of this study. The construct validity was established by 
performing a multivariate statistical analysis as follows:-
3.4.6.1 Content Validity
Gay (1996) defines content validity as the degree to which a test measures an 
intended content area. Content validity consists of item and sampling validity. Also he 
states that item validity determines if the test items represent measurement in the 
intended content area and sampling validity determines how well the test samples the 
total content area. If the purpose o f research is to infer about the entire content area 
based on the performance of items included in the test, an appropriate content validity is 
necessary. Content validity is judged by experts rather than as a quantitative measure to 
be computed.
After the survey instrument was designed, three experts in academia from 
University Malaysia Pahang (UMP) and in practice from Perbadanan Kerajaan Negeri 
Pahang validated its contents based on their knowledge and interest in the study. 
Academicians reviewed the contents of the survey, its specific appropriateness and 
clarity of question, and the Likert scale attached to the items. The practitioners provided 
valuable comments for improving the survey instrument and follow-up revisions were 
made to the survey based on feedback received from these experts.
The soundness and effectiveness of the research instrument was pre-tested by a 
panel o f ten practitioners for the pilot study. These practitionersNunderstanding of the
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intended meaning or construct was assessed. For each 
_____________ [y group was asked to evaluate the question based on its
content. Pilot study group participants were provided avenues to fully express 
themselves by ensuring them that their views were very important. They were asked to 
review each item from the viewpoint of the underlying question: Does each item 
measure the KM, ITI and PP? At the end o f the pilot-testing session, they were asked to 
add any other items they considered influential in the success o f the survey. By sharing 
the understanding of survey instrument's purpose, the pilot study solicited additional 
feedback. Based on feedback from the pilot study group, minor adjustments were made 
to the instrument scale. This feedback was implemented into the instrument and content 
validity claim was established accordingly.
3.4.6.2 Construct Validity
Construct validity concerns the underlying construct being measured by the 
instrument. The construct could be factors or variables involved in the research. 
Construct validity is usually linked to the results of measurement and theoretical 
reasoning and evaluation o f the internal structure of the instrument. It has been used for 
construct-related evidence (Bass 1985), i.e., construct validity should include content 
representation and criterion relationships. Three steps involve in validating the construct: 
(a) measuring the sampling adequacy, (b) factor analysis and (c) reliability test.
(a) Measure of Sampling Adequacy
Kaiser-Meyer-Olkin (KMO) and Bartlettl^ test was used to measure the sampling 
adequacy. The high value o f Kaiser-Meyer-Olkin indicates that the proportion of 
variance in the variables is caused by underlying factors thus it allows for the application 
of factor analysis. This will be supported by the Bartlett’s test of sphericity value of 0.00 
that is less than 0.05, to prove that the analysis is significant.
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Construct validity using factor analysis was used to reduce and summarize data 
in which redundant and inappropriate items were deleted (Hair et al., 1998). The study 
reports only those interrelationships which have a correlation coefficient of .60, 
moderately high, or higher. The factor analysis used a principal component analysis as 
the extraction method and varimax with Kaiser normalization rotation method to explain 
the item variance. Only clusters of questionnaire items organized into components to 
standard eigenvalue of 1.000 were reported. The factor analysis helped to reduce the 
items measuring KM, IT and PP into a smaller number of factors that account for most 
of the variance in the observed variables.
(c) Reliability Test
Scale reliability using Cronbachis coefficient alpha was then employed to assess 
the consistency o f homogeneity among items for each construct as well as for the overall 
questionnaire (Cooper and Schindler, 1988), whereby reliability coefficient above 0.90 
for comparison among individual items and at least 0.70 for comparison among groups 
of items is considered as desirable. Thus, Cronbachl^ coefficient alpha is used to identify 
the critical components and its groups by identifying the unnecessary variables that were 
used to measure the constructs for KM (front-end planning, design, procurement, 
construction, start-up and operation, people, organization, project control, contracts, 
safety, health and environment, information management and technology system and 
globalization), ITIC (integration capability, collaboration capability, data management 
capability, security capability, utility capability and other capability) and PP (time, cost 
and quality). The factors obtained were further tested for their reliability and impact 
analysis. This process is necessary to answer research question 1 through 5.
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The survey questionnaire developed from the previous section was used as the 
instrument for collecting data. The questionnaire booklet consisted of 5 pages of survey 
items. The questionnaire was sent initially through mail and followed-up by telephone 
call. Some o f the companies were administered personally (face-to-face method) to 
improve the response rate. According to Sekaran (2003), personally administered 
questionnaire can establish rapport and motivate respondents whilst at the same time, 
clarify any doubts instantaneously.
3.5.1 Data Collection Process
The finalised questionnaire was incorporated with a cover letter containing a brief 
statement of the purpose of this study, together with a statement of confidentiality and 
anonymity regarding the survey to establish trust between the respondents and the 
researcher.
3.5.2 Mailed Survey
To ensure that a larger response rate could be achieved, the questionnaire was 
printed and mailed survey method was utilized. A total of 143 questionnaires were sent 
to all the construction consulting companies identified. The paper-based format 
consisted of a cover letter, consent form, questionnaire, and reply envelope. These 
components were attached by a paper clip to ensure that they came out of the mailed 
packet simultaneously. For improved response rates, particular care was taken with the 
contents of the cover letter, the appearance of questionnaire, the appearance of 
envelopes, and personalized communications for each individual.
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aced in front and followed by the reply envelope, consent 
_____________ 72" X 10 1/2" brown craft business envelope was used to
mail the survey packet. The individual's name, together with the company's name and 
address were directly printed on the centre of the envelopes. 143 packets were initially 
mailed out to the selected construction consulting companies. The selection was done 
using random number table. The survey packet included a self-addressed 4 1/8” x 9 1/2” 
envelope for respondents to return the completed questionnaires.
In order to maximize the response rate, the author visited most of the companies 
and collected the questionnaires. Some of the companies were given the phone call for 
reminders. At the end, a total o f 132 questionnaires returned from January till July, 
2006. The questionnaires were then used for further analysis.
3.6 Data Analysis 
3.6.1 Transformation
This involves the transformation o f the nominal and ordinal data into interval 
data by using scale standardization technique as recommended by Terrell (2000). 
Through this method, all items related to a variable are converted into a transformed 
score ranging from 0-100 which is interval in nature based on the following formula:
Transformed Score = Actual raw score -  lowest possible raw score x  100
Possible raw score range
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Descriptive statistic involves transformation o f raw data into a form that would 
provide information to describe a set of factors in a situation. This was done through 
ordering and manipulation o f the raw data collected. The percentages and standard 
deviations were generated via graphs, charts and tables.
In order to determine the relative degree of impact the respondents had on a 
particular item, an impact ratio analysis was conducted. The ratio of 1.0 was used as a 
dividing point that is, any item with a ratio of more than 1.0 reflects a greater degree of 
impact with that item (Kerlin, 1992).
3.6.3 Hypothesis Testing
All coded data were input to the computer. The SPSS software was used to 
formulate analyses. The first phase o f analysis consisted of the analysis of close-ended 
questionnaire using the descriptive statistics analysis, where the central tendency was 
measured to provide basic understanding o f the questionnaire items. The second phase 
of analysis involves inferential analysis. Normality test using probability plots were 
conducted prior to the inferential analysis. A number of analysis using factor analysis, 
single mean t-tests, correlation analysis, multiple regression analysis and analysis of 
variance were used in this study. Each analysis took a different perspective on 
supporting the research hypothesis based on comparing the p-value from the SPSS 
output with 0.05 of which the null hypotheses would be rejected if the p-value were less 
than 0.05
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The aimed of Factor Analysis is to identify the critical components of KM, ITIC 
and PP. The factor analysis used a principal component analysis as the extraction 
method and varimax with Kaiser normalization rotation method to explain the item 
variance. Only clusters of questionnaire items organized into components to standard 
eigenvalue of 1.000 were reported. The study reports only those interrelationships which 
have a correlation coefficient of .60, moderately high, or higher.
3.6.3.2 Normality Test
Probability Plot was used to determine if the 18 variables are normally 
distributed. Probability Plot (P-P Plot) plots a variable’s cumulative proportions (Cum 
Prop) against the cumulative proportions o f any o f a number of test distributions. 
Probability plots are generally used to determine whether the distribution of a variable 
matches a given distribution. If  the selected variable matches the test distribution, the 
points cluster around a straight line. If they are of normal distribution, then parametric 
analysis could be performed accordingly.
3.6.3.3 Single Mean T-Tests
The One-Sample T-test procedure tests whether the mean o f a single variable 
differs from a specified constant. In the study, the transformed data, of which the data 
is in interval data with values that range from 0-100, was used in one-tailed single mean 
t-test to assess the levels o f the KM, ITIC and PP based on the following research 
hypothesis: The levels of KM, ITIC and PP are significantly high (one-tailed p B 0.05).
9PDF
0 Q p p |p  0 ^ 0  Thank you for using
Your complimentary
use period has ended. 9 5
PDF Complete.
VA and Independent Sample T-test s
The One-Way ANOVA procedure produces a one-way analysis of variance for a 
quantitative dependent variable by a single factor (independent) variable. Analysis of 
variance was used to test the hypothesis the following research hypothesis: There is a 
difference in mean of PP based on the background of the practitioners.
3.6.3.5 Correlation Analysis
The fourth phase o f the analysis was to test the correlation between project time, 
project cost, project quality and project scope and the other nine variables of KM and six 
variables of ITIC. Correlation analysis is needed to obtain the explanatory power of the 
variables and reveal a positive correlation between KM and PP, and ITIC and PP. A 
correlation is defined as a relationship between the dependent and independent variables 
(Triola, 2000).
3.6.3.6 Multiple Regression Analysis
Regression has become one of the most widely used techniques in the analysis of 
data in social science.r2 is the percentage of variance in the dependent variable being 
explained by the respective tested variables, which is sometimes also referred as 
explanatory power. The study intends to know the best model of the relationships that 
predict PP based on KM, ITIC and demographic variables. The models are explored 
thorough the analysis of r2 from the regression analysis with backward elimination 
technique to identify the best predictors of project time, cost, quality and scope based on 
independent variables of KM, ITIC and demographic variables.
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Finally, the qualitative data inquiry was used to investigate how KM and ITIC 
influence PP. There are there approaches used for qualitative data inquiry which are 
semi-structured interview, document review and observation. For the semi-structured 
interview, the interview protocols have been derived based on the theoretical framework 
to further explore the perception, understanding, strategies and initiatives o f KM, ITIC 
and PP in the company (Please see Appendix B). As for observation and document 
review, the observation sheet has been derived to record the activities, behavior and 
documents o f the company (Please see Appendix C). Then the documents, observation 
and semi-structured interviewed data were analyzed to further support the results of 
quantitative survey and understand the constraints, challenges and mechanism of 
applying KM and ITIC to improve PP.
There were essentially three levels of data analysis in the present qualitative 
study. The first level involved the identification of recurring patterns of themes and 
topics from the raw data based on the framework, literature review and questionnaire 
items .This raw data, gathered from interviews, observations, websites and personal 
journals was transcribed using MS-word and filed under each company, using the 
company name. The analyzed interview consisted of loosely classified general headings 
of themes. Caution was taken not to narrow down the classification too much because 
doing so would minimize possible inclusion of newly emergent issues. Besides, it would 
stifle the interest and enthusiasm in the fieldwork.
The second level of analysis involved the grouping of recurring themes and 
topics from the set of the analyzed interviews, personal and observational notes. This 
required a close examination of each one o f them and thorough comparison with the 
other analyzed interviews, and a tedious process of classification. During this stage, a 
significant amount of information had to be excluded due to irrelevancy or ambiguity. 
Some groupings were required to be collapsed while a few new groupings and sub
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'er Appendix E). There was a lot of reshuffling o f themes
The third level o f data analysis required the categorization of themes and topics 
into a few tentative major headings for the purpose of data reduction. The re­
identification and regrouping of themes were carried out until meaningful and 
manageable classifications could be established. However, the three levels mentioned 
were not necessarily executed in any special order but cyclically: both within each level 
and between levels of analysis. This is important due to the nature of this interpretive 
study which requires that description, narration, and interpretation be integrated and 
unified in the selected themes and topics.
3.7 Summary
The methods deployed in this chapter present a comprehensive approach in 
providing answers to the four research questions. It starts with a step-by-step approach 
in the development and testing of the survey questionnaire, the method for developing 
the sampling frame and the analysis that follows the data collected. Assumptions of 
normality are emphasized to ensure that valid parametric methods could be deployed 
accordingly to address the previously developed hypotheses. The summary of research 
questions, analysis techniques and associated hypotheses to be tested are listed in Table 
3.4.
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esearch Question, Analysis Technique, Tools and Hypotheses Matrix
Code RQ Analysis Techniques Hypothesis
RQ1
What are the critical components of 
KM, ITIC and PP in Malaysian 
Construction Consulting Companies?
Descriptive aggregate data for survey items 
related to the KM, ITIC and PP were calculated. 
Descriptive information included percentages, 
means and standard deviations for each survey 
item. The descriptive information was then 
presented in frequency tables.
Data collected were then clustered using factor 
analysis. Subsequently, reliability analysis and 
impact tests were conducted to determine the 
statistical reliability and impact of the data 
collected respectively.
RQ2
What are the levels o f KM, ITIC and 
PP among Malaysian Construction 
Consulting Companies?
Single mean t-test was conducted to identify 
whether the levels o f KM, ITIC and PP are 
significantly high.
RH1: The levels o f KM, ITIC and 
PP are significantly high (one­
tailed p B 0.05)
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level
RQ3 background of Malaysian 
Construction Consulting 
Companies?
One-way ANOVA and independent sample t- 
tests were conducted to identify which 
demographic variables have influence on the 
components of PP.
RH2 : There are differences in the 
mean of PP based on the 
background of the companies (two­
tailed p B 0.05)
RQ4
What model could be developed to 
best predict PP based on KM, ITIC 
and demographic background of 
Malaysian Construction Consulting 
Companies?
A Multiple Regression using backward 
elimination method was used to identify the 
model that best predicts PP. Analysis of r2, 
examination of coefficient and assessment of 
variance inflation factor for each model was 
compared and tested to measure the strength of 
the model after testing for multi-collinearity 
and autocorrelation.
RH3 : The KM and PP are 
positively related (one-tailed p B 
0.05)
RH4 : The ITIC and PP are 
positively related (one-tailed p B 
0.05)
RH5 : PP can be predicted by KM, 
ITIC and the demographic 
information of the consulting 
companies (two-tailed p B 0.05)
RQ5 How do KM and ITIC influence 
PP?
Qualitative method
Prop1: Each element of KM and 
ITIC has the same impact on PP 
of Construction Consulting 
companies in Malaysia
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CHAPTER 4
QUANTITATIVE FINDINGS
4.1 Introduction
The objective o f this study is to investigate the relationship between KM, ITIC 
and PP in Malaysian construction consulting companies. This section presents the 
findings of the data analysis for the purpose of answering four research questions. The 
quantitative analysis followed a logical sequence of methods, i.e., descriptive analysis 
factor analysis, reliability analysis and normality tests to ensure that data could be 
further analyzed. Finally, advanced parametric methods comprising o f difference of 
mean, correlation and regression analysis were conducted to address the four research 
questions.
4.2 Descriptive Analysis
This section presents findings based on graphical output such as frequency tables 
and bar chart to address RQ1: What are the main components o f KM, IT and PP among 
Malaysian Construction Consulting Companies? The means and frequencies for each 
item for each construct will be presented.
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•ty two practitioners from the construction consulting 
_____________ survey. The descriptive analysis over the collected data
collected illustrated the diverse background o f the practitioners. According to Table 4.1, 
the highest percentage of the practitioners was found in civil engineering. Whereas, 
architectural companies and surveyor companies hold second and third place 
respectively.
The analysis farther revealed that 97% of the practitioners work with Malaysian 
owned companies, 3% of the practitioners work with joint-venture companies and 1% of 
them are working with companies having foreign ownership. With regards to position in 
the company, 57.6% of the practitioners are civil engineer, followed by 16.7% 
architects, 14.4% other positions and 11.4% quantity surveyor. Regarding the working 
experience of the respondent, most of the practitioners having more than 1 0  years 
experience (46.2%), followed by practitioners with less than 5 years experience (31.8%) 
and respondent with 5 to 10 years experience (31.8%). Table 4.1 farther indicates that 
80.3% of the practitioner posse bachelor's degree, 11.4% posse other degree and 8.3% 
posse diploma.
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Analysis on Demographic Background
TYPE OF COMPANY Frequency Percent
Valid
Percent
Cumulative
Percent
Quantity Surveyor 1 0 7.6 7.6 7.6
Civil Engineering 83 62.9 62.9 70.5
Architecture 19 14.4 14.4 84.8
Others 2 0 15.2 15.2 1 0 0 . 0
Total 132 1 0 0 . 0 1 0 0 . 0
COMPANY OWNERSHIP
100% Malaysian ownership 128 97.0 97.0 97.0
Joint venture with foreign 
company 3 2.3 2.3 99.2
100% Foreign ownership 1 . 8 . 8 1 0 0 . 0
Total 132 1 0 0 . 0 1 0 0 . 0
POSITION
Quantity Surveyor 15 11.4 11.4 11.4
Civil Engineer 76 57.6 57.6 68.9
Architecture 2 2 16.7 16.7 85.6
Others 19 14.4 14.4 1 0 0 . 0
Total 132 1 0 0 . 0 1 0 0 . 0
WORKING EXPERIENCE
Less than 5 years 42 31.8 31.8 31.8
5-10 years 29 2 2 . 0 2 2 . 0 53.8
More than 10 years 61 46.2 46.2 1 0 0 . 0
Total 132 1 0 0 . 0 1 0 0 . 0
EDUCATION LEVEL
Diploma 1 1 8.3 8.3 8.3
Bachelor's degree 106 80.3 80.3 8 8 . 6
Others 15 11.4 11.4 1 0 0 . 0
Total 132 1 0 0 . 0 1 0 0 . 0
4.3 Construct Validity Using Factor Analysis
Construct validity using factor analysis was used to reduce and summarise data 
in which redundant items are combined together and inappropriate items were deleted 
(Hair et al., 1998). The study reports only those interrelationships with a correlation 
coefficient of .60, moderately high, or higher. The factor analysis used a principal 
component analysis as the extraction method and varimax with Kaiser normalization
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le item variance. Only clusters of questionnaire items 
_____________ standard eigenvalue of 1 . 0 0 0  were reported.
The factor analysis serves to further determine the number o f attributes for the 
following variables: (1) front-end planning, (2) design, (3) procurement, (4) 
construction, (5) start-up and operation, (6 ) people, (7) organization, (8 ) project control, 
(9) contracts, (10) safety, health and environment, (11) information management and 
technology system, (12) Resource and Standard, (13) IT integration capability, (14) IT 
collaboration capability, (15) IT data management capability, (16) IT security capability, 
(17) IT utility capability and (18) other IT capability, (19) Project Time, (20) project 
cost and (2 1 ) project quality, which are reflected in the loading patterns of the individual 
items on the attributes. Moreover, the resulting standardised factor scores of the 97 
questionnaire items that used the five-point scale could be used in the subsequent 
analysis. This would be explained in the relevant sections. For these 97 items, there 
were 132 cases in the sample, which are sufficiently large for conducting a single factor 
analysis using varimax rotation method with Kaiser Normalisation and Principal 
Component Analysis. The results are shown in Tables 4.5 -  4.7. While there are some 
cross-loadings on the loading patterns, generally the loading patterns correspond with 
the pre-determined sets of item groupings. In the factor analyses, factors were extracted 
when the eigenvalues are greater than unity. The factors extracted have explained 
almost 67% of the total variance, meaning that they are satisfactory solutions.
The factor analysis also serves to identify the critical components of KM, ITIC 
and PP in order to answer the first research question:
RQ1: What are the critical components of KM, ITIC and PP in Malaysian 
Construction Consulting Companies?
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The high value of 0.767 for the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy indicates that the proportion o f variance in the variables be caused by 
underlying factors thus allowing for the application of factor analysis. This is supported 
by the Bartlett's test of sphericity value of 0.00 that is less than 0.05 thus proving that the 
analysis is significant (Table 4.2).
Table 4.2: KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy. .767
Bartlett's Test of 
Sphericity
Approx. Chi-Square 12125.712
Df 4851
Sig. .000
4.3.2 Rotated Factor Matrix for Variable Grouping
Forty seven items were loaded into twelve factors (Table 4.5) for KM, twenty 
four items were loaded into six factors (Table 4.6) for ITIC and twenty three items were 
loaded into three factors for PP (Table 4.7).
4.3.3 Factor Analysis for KM
Items of KM are re-grouped into different group based on the extraction value of 
the rotated component matrix. Item with extraction value less than 0.4 will be removed. 
One item is removed which is Ability to protect from loss of knowledge due to workerl^ 
departure. The new grouping is shown in Table 4.3. Based on Table 4.3, the factors for
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ont-end Planning, (2) Contracts, (3) Construction, (4) 
_____________ nagement, (5) People, (6 ) Start-up Operation, (7) Project
Control, (8 ) Technology and Safety and (9) Resource and Standard Issues.
The first factor is Front-end Planning and consists of the following four items: 
Implementation of pre-project planning at the corporate and project level, Availability of 
design standard for every project, Implementation of design effectiveness at the project 
level and Implementation o f cost effective engineering for every aspect in project 
design. Only Item 1 is taken from the original factor 1 (Front-end Planning), whereby 
item 4, 5 and 6  are originally taken from factor 2 (Design) which is consolidated as 
front-end planning.
The second factor is contracts, where it combines items from front-end planning, 
construction and the original items o f contracts. The new items listed under contracts 
are: Implementation o f early estimate in project planning and risk management which is 
taken from Front-end Planning, Control o f cost and schedule based on the master plan, 
Appropriate actions taken based on the cost and schedule control for every project are 
taken from construction, Availability of written process for project delivery and contract 
strategies within the project and Usage of project incentive is implemented at the project 
level are from the original contracts.
The third factor is construction where items from the original Front-end 
Planning, Procurement and Construction are combined together. The new items listed 
under construction are Use o f modularization and pre-assembly as a tool at project level, 
Implementation of material management at project level, Comprehensive material 
management training program, Implementation o f risk management at the project level, 
Regular updating of database of good work practices for risk management, lessons 
learned and listing o f experts, Management of workersNcompensation based on regional 
standard, Utilization of wireless technology for project processes and Wireless 
technology is implemented for project processes.
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/[aterial and Relationship Management, where Material 
_____________ ) Management are combined into one factor. The new
listed items under Material and Relationship Management are Management of supplier 
relationship, Sharing and transferring knowledge with clients, customers and suppliers, 
Availability o f specific documentation to support the implementation of material 
management (e.g. file documents, database, etc) and Measurement of material 
management cost and benefits.
The fifth factor is people, where three o f the items are f^om the original list and 
one item is taken from Organization factor. The new items of people factor are 
Availability o f formal and informal training to keep employeesN skills current, 
Availability o f appropriate tools to calculate productivity measurement, Sufficiency of 
resources to ensure multiskilling of employees at the project level and Identification of 
barriers for implementation of project team.
The sixth factor is Startup and Operation where two factors are consolidated: 
startup and Operation and Organization. The new items generated for this factor 
include: Availability o f design for maintainability to measure PP, Management of 
planning for startup to ease collaboration work of projects or teams that are physically 
separated (i.e., different work sites), Implementation of appropriate strategies for leader 
selection for every project, Implementation o f comprehensive partnership training 
program, Management of the organizational work structure at the project level, 
Management of the organizational work structure at the project level, Implementation of 
quality management at the project level, Identification of barriers to the implementation 
of products and services based on planning and design, Ability to adapt products and 
services to client requirements and Utilization of appropriate strategies and experiences 
to determine benchmark.
The seventh factor is Project Control and all items from the original list are 
maintained under this factor.
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echnology and Safety, where items are combined from 
I and Environment. The new items listed under this factor
are the following: Implementation of zero accident techniques at the project level, 
Implementation of design for safety for every project, Automatic identification of 
barriers/problems for project processes (design, control, crash program, etc) using 
information technology (software application: Primavera, Microsoft project, ETABS, 
SAP2000, etc), Utilization of electronic commerce is used to increase number of 
markets (e.g. wider geographic locations) and to improve client and customer relations 
(i.e., website, E-mail, etc), Management of fully integrated and automated project using 
information technology (i.e., database, filing system, sharing data, etc).
Finally, the ninth factor is Resource and Standard issues and consists o f items 
from the original list with additional two items from other factors which are design and 
procurement. The new items categorized under this factor are as follows: 
Implementation of international standards to improve the competitive advantage, Ability 
to capture employeesNknowledge from other sources (i.e., other business enterprises, 
industrial associations, technical literature, public research institutions including 
universities and government laboratories), Ability to protect from loss o f knowledge due 
to worker's departures, Availability of computer-aided to design every project and 
Resources are sufficient to implement material management (e.g. time, computer and 
people).
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r matrix - Varimax with Kaiser normalization for KM
NEW COMPONENTS OF PP
No FRONT-END PLANNING 1 2 3 4 5 6 7 8 9 10
1. Implementation of pre-project 
planning at the corporate and 
project level.
.537
4. Availability of design standard 
for every project. .699
5. Implementation of design 
effectiveness at the project 
level.
.665
6. Implementation of cost 
effective engineering for every 
aspect in project design.
.548
CONTRACTS
2. Implementation of early 
estimating in project planning 
and risk management.
.537
15. Control of cost and schedule 
based on the master plan. .681
16. Appropriate actions taken 
based on the cost and schedule 
control for every project.
.523
37. Availability of written process 
for project delivery and 
contract strategies within the 
project.
.706
38. Usage of project incentive is 
implemented at the project 
level.
.663
CONSTRUCTION
3. Use of modularization and pre­
assembly as a tool at project 
level.
.426
10. Implementation of material 
management at project level. .509
11. Comprehensive material 
management training program. .689
17 Implementation of risk 
management at the project 
level.
.619
18. Regular updating of database of 
good work practices for risk 
management, lessons learned 
and listing of experts.
.572
19. Management of workersN 
compensation based on 
regional standard.
.568
44. Utilization of wireless 
technology for project 
processes.
Wireless technology is 
implemented for project 
processes.
.422
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HIP MANAGEMENT
9.
13.
14.
22.
23.
24.
25.
20.
21.
26.
27.
28.
29.
30.
31 .
32 .
33 .
Sharing and transferring 
knowledge with clients, 
customers and suppliers.
Availability of specific 
documentation to support the 
implementation of material 
management (e.g. file 
documents, database, etc).
Measurement of material 
management cost and benefits.
PEOPLE
Availability of formal and 
informal training to keep 
employeesNskills current.
Availability of appropriate 
tools to measure productivity 
measurement.
Sufficiency of resources to 
ensure multiskilling of 
employees at the project level.
Identification of barriers for 
implementation by project 
team.
.679
.559
.619
.675
.566
.561
.693
.714
STARTUP AND OPERATION
Availability of design for 
maintainability to measure PPs.
Management of planning for 
startup to ease collaboration 
work of projects or teams that 
are physically separated (i.e., 
different work sites).
Implementation of appropriate 
strategies for leader selection 
for each project.
Implementation of 
comprehensive partnership 
training program._________
Management of the 
organizational work structure at 
the project level._____________
Implementation of quality 
management at the project 
level.
Identification of barriers for the 
implementation of products and 
services based on planning and 
design._____________________
Ability to adapt products and 
services to client requirements.
Utilization of appropriate 
strategies and experiences to 
determine benchmark.
.461
.458
.661
.586
.704
.684
.685
.428
.614
PROJECT CONTROL
Implementation of systems for 
change management._________ .686
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35.
36.
39.
40.
41.
42.
43.
45.
46.
47.
7.
12.
people].
Measurement of costs and 
benefits of work packaging.
There is a written process for 
work packaging 
implementation within the 
project.___________________
TECHNOLOGY & SAFETY
Implementation of zero 
accident techniques at the 
project level.
Implementation of design for 
safety for every project.
Automatic identification of 
barriers/problems for project 
processes (design, control, 
crash program, etc) using 
information technology 
(software application: 
Primavera, Microsoft project, 
ETABS, SAP2000, etc).
Utilization of electronic 
commerce to increase number 
of markets (e.g. wider 
geographic locations) and to 
improve client and customer 
relations (i.e., website, E-mail, 
etc).
Management of fully integrated 
and automated project using 
information technology (i.e., 
database, filing system, sharing 
data, etc).
RESOURCE & STANDARD
Implementation of international 
standards to improve the 
competitive advantage.________
Ability to capture employees'? 
knowledge from other sources 
(i.e., other business enterprises, 
industrial associations, 
technical literature, public 
research institutions including 
universities and government 
laboratories).
Ability to protect from loss of 
knowledge due to worker's 
departure.__________________
Availability of computer-aided 
tools to design each project.
Sufficiency of resources to 
implement material 
management (e.g. time, 
computer and people).
110
.877
.872
.481
.477
.506
.541
.489
.682
.500
.614
.391
.744
.436
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’ infrastructure Capability
Items o f ITIC are re-grouped into different groups based on the extraction value 
of the rotated component matrix. Since the extraction values for all items are greater 
than 0.4, none of the items are excluded. The new grouping is shown in Table 4.4. Based 
on Table 4.4, the factors for ITIC are (1) Integration Capability, (2) Collaboration 
Capability, (3) Data Management Capability, (4) Security and Utility Capability and (5) 
Other Capability.
The first and second factors which are integration capability and collaboration 
capability respectively maintain the original list of items.
The third factor is classified as data management capability and comprises of 
items from the original list and two items from utility capability factor. The new group 
of items for this factor is the following: Provide data management advisory and 
consultancy services, Manage business-unit data, including standards (e.g., oracle, 
database system), Manage database management system, Manage, maintain and support 
large scale data processing facilities, Information System (IS) for project management 
and IS planning of business units.
The fourth factor is classified as security and utility capability and comprises of 
items from the original list and two items from utility capability factor. The new items 
under this factor are the following: Provide security for firm-wide database and 
applications (e.g., file/data backup, anti virus software, etc), Implement disaster planning 
and recovery system for business units (e.g., backup, disk tools, etc), Provide 
technological advice and support services for internal requirement and Provide training 
services for new technologies (e.g., software training, etc).
The fifth factor is classified as other capability and comprises of three original 
items under the same factor and an additional one item from utility factor. The items 
under this factor listed as follows: Utilize IS to manage and negotiate with suppliers and
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aotations in buying or dealing), provide management 
_g., EIS), Develop and manage electronic linkages to
suppliers or customers (e.g., website, E-mail address, etc) and Develop a common 
systems environment.
Table 4.4 Rotated factor matrix - Varimax with Kaiser normalization for ITIC
ITIC Components
NO INTEGRATION CAPABILITY 1 2 3 4 5
49. Manage communication network service (e.g., phone contact, fax, 
etc). .805
50. Manage messaging service (e.g., E-mail, Notice board, etc). .813
51. Manage business unit workstation networks (e.g., LAN/stand alone 
PC). .721
52. Manage business applications (e.g., software applications: Microsoft 
office, Microsoft Project, Primavera, etc). .761
53. Recommend standards for IT architecture components (e.g., 
hardware, operating systems, and communications). .537
54. Enforce IT architecture. .597
COLLABORATION CAPABILITY
55. Provide multimedia operations and development (e.g., video 
conferencing). .700
56. Provide intranet capability for document management. .740
57. Provide intranet capability for collaboration (e.g., local resource 
sharing). .738
58. Provide electronic support for groups (e.g., documents, tutorials, CD 
software, etc). .670
DATA MANAGEMENT CAPABILITY
59. Provide data management advisory and consultancy services. .709
60. Manage business-unit data, including standards (e.g., oracle, 
database system). .789
61. Manage database management system. .831
62. Manage, maintain and support large scale data processing facilities. .816
67. Utilize Information System (IS) for project management. .687
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SECURITY & UTILITY CAPABILTV^
63. Provide security for firm-wide database and applications (e.g., 
file/data backup, anti virus software, etc). .771
64. Implement disaster planning and recovery system for business units 
(e.g., backup, disk tools, etc). .763
65. Provide technological advice and support services for internal 
requirement. .531
6 6 . Provide training services for new technologies (e.g., software 
training, etc). .602
OTHER CAPABILITY
69. Utilize IS to manage and negotiate with suppliers and subcontractor 
(by tenders, quotations in buying or dealing). .556
70. Provide management information electronically (e.g., EIS). .804
71. Develop and manage electronic linkages to suppliers or customers 
(e.g., website, E-mail address, etc). .804
72. Develop a common systems environment. .652
4.3.5 Factor Analysis for Project Performance
Items of PP are re-grouped into different group based on the extraction value of 
the rotated component matrix. Since the extraction value for all items are greater than 
0.4, none of the items are excluded. The new grouping is shown in Table 4.5. Based on 
Table 4.5, the factors for PP are (1) Project Time, (2) Project Cost, (3) Project Quality 
and (4) Project Scope.
The first factor can be classified as project time and comprises of three items 
from the original time factor and one item from cost factor. The following are the new 
items of project time factor: The time limit for the project is clearly stated, Project 
activities are executed in accordance to the time schedule, Project activities are carried 
out exactly as planned and the financial limit for the project is clearly stated.
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±11'^  la^ l^.ul ^^ all be classified as project cost and comprises of three items
from project time factor and one item from the original cost factor. The following are the 
new items o f cost factor: The project is normally finished on time, The project meetings 
have well-planned agenda, The final date of project completion is clearly defined and 
The project is normally completed within budget.
The third factor can be classified as project quality and comprises o f six items 
from the original quality factor and one item f^om cost factor. The following are the new 
items of quality factor: Project executors conform to the planned cost schedule for all 
activities, Project executor maintains all activities within quality parameters, All key 
participants were involved in the detailed project planning, Project superiors (Top 
management, Steering Committee, etc) are reachable for the key executors whichever is 
needed, The project has met its planned quality standard, All experiences gained through 
this project have been discussed in a special meeting and /or in a final evaluation report 
and All relevant documents from this project are or will be compiled in a separate end- 
of-project report or file.
The final factor of PP can be classified as project scope. It is a new factor 
generated from the process of factor analysis. The items classified under this factor are 
the following: The project has clear and exact goals, The project missions are clearly 
stated, The goal o f the project is accepted by those involved in the project, The project 
that fulfils its goals, the results will benefit for the end users, The master plan is regarded 
as mandatory for all project participants (e.g., contractor, supplier, etc), The master plan 
clearly indicates who will be responsible for various activities in the project, Project 
quality is well outlined during its execution and The quality parameters for the project 
are clearly stated.
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rix - Varimax with Kaiser normalization for PP
PP VARIABLES Components
No TIME
1 2 3 4
74. The time limit for the project is clearly stated. .831
75. Project activities are executed in accordance to the time 
schedule. .848
76. Project activities are carried out exactly as planned. .645
80. The financial limit for the project is clearly stated. .480
COST
77. The project is normally finished on time. .769
78. The project meetings have well-planned agenda. .522
79. The final date of project completion is clearly defined. .634
82. The project is normally completed within budget. .749
QUALITY
81. Project executors conform to the planned cost schedule for 
all activities.
.464
87 Project executor maintain all activities within quality 
parameters
.542
90. All key participants were involved in the detailed project 
planning. .491
91. Project superiors (Top management, Steering Committee, 
etc) are reachable for the key executors whatever 
necessary.
.505
93. The project has met its planned quality standard .616
95. All experiences gained through this project have been 
discussed in a special meeting and /or in a final evaluation 
report.
.828
96. All relevant documents from this project are or will be 
compiled in a separate end-of-project report or file. .772
SCOPE
83. The project has clear and exact goals .770
84. The project missions are clearly stated. .731
85. The goal of the project is accepted by those involved in the 
project. .734
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lals, the results will benefit for
92.
94.
The master plan is regarded as mandatory for all project 
participants (e.g., contractor, supplier, etc).
The master plan clearly indicates who will be responsible 
for various activities in the project.
Project quality is well clearly outlined during its execution.
The quality parameters for the project are clearly stated.
.769
.565
.605
.636
.541
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4.4 Reliability Test
Scale reliability coefficients using Cronbach's Coefficient Alpha was used to 
assess the consistency of homogeneity among items (Cooper and Schindler, 1988). In 
measurements of people, researchers recommend a reliability coefficient above .90 for 
comparisons among individuals and at least .70 for comparison among groups (Fraenkel, 
Wallen and Sawin, 1999). Nunnally (1978) further supported that an alpha value of 
more than 0.7 is considered desirable. Table 4.6 shows the Cronbachis alpha for KM 
factors. Since the Cronbachis alpha for all factors are greater than 0.7, none of the item 
is excluded.
Table 4.6: Reliability statistics for KM Factors
Factor
Cronbach's
alpha N  of items
Front-end Planning .7129 4
Contracts .8300 5
Construction .8572 7
Material and Relationship 
Management .7175 4
People .8412 4
Start-up Operation .9080 9
Project Control .8367 4
Technology and Safety .8658 5
Resource and Standard Issues .7935 4
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IronbachN alpha for ITIC factors. Since the CronbachN 
than 0.7, none of the item is excluded.
Table 4.7: Reliability statistics for ITlC
Factor
Cronbach's
alpha N  of items
Integration Capability .8885 6
Collaboration Capability .9094 6
Data Management Capability .9248 4
Security and Utility Capability .8529 4
Other Capability. .8724 4
Similarly, Table 4.8 shows the Cronbach'S alpha for PP factors. Since the 
CronbachlS alpha for all factors are greater than 0.7, none of the items are excluded.
Table 4.8: Reliability statistics for PP Factors
Factor
Cronbach's
alpha N  of items
Time .8207 4
Cost .8378 4
Quality .9119 7
Scope .9278 8
4.5 Impact Ratio
The impact ratio of each item for all the constructs is analyzed using impact ratio 
calculation. With reference to the questionnaire in Appendix 1 , the measurement for 
each item is based on a five-point impact scale where 1 is the minimum impact and 5 is 
the maximum impact. After the first round analysis on the impact ratio, there are items 
with 0 impact value. To overcome the problem, the measurement is recorded into a 
three-point scale where 1 is the minimum impact and 3 is the maximum impact. A ratio
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Table 4.9 shows the impact of KM items on Malaysian construction consulting 
company. Since most of the impact ratio is quite low, it is implied that KM has not been 
fairly appreciated and implemented in the companies. However, several items show 
substantially greater impact, which are implementation of pre-project planning at the 
corporate and project level, Implementation o f design effectiveness at the project level 
with the impact ratio of more than 90. Besides, KM has been fairly implemented during 
Implementation of early estimating in project planning and risk management, Sharing 
and transferring knowledge with clients, customers and suppliers and Availability of 
computer-aided to design every project, with the impact ratio of more than 15. Amongst 
the low impact indicators are Regular updating of database o f good work practices for 
risk management, lessons learned and listing of experts, Management of workersN 
compensation based on regional standard, Use of modularization and pre-assembly as a 
tool at project level, Comprehensive material management training program and 
Availability o f appropriate tools to measure productivity measurement, where all of 
them have impact ratio less than 3. The lowest impact indicator is Implementation of 
comprehensive partnership training program with a ratio of 1.38. Although most of the 
items have low impact ratio, their impact are still significant since all o f the impact ratio 
are greater than 1 .0 , hence none of the item is excluded.
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4.9 Impact Ratio Analysis for KM
sNN
"(S
s<u
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a
^  .:2 
a  IS
S
KM VARIABLES
No FRONT-END PLANNING
1. Implementation of pre-project planning at the 
corporate and project level.
0.8 27.3 72 90
4. Availability of design standard for every project. 4.5 15.2 80.3 17.84
5. Implementation of design effectiveness at the project 
level. .8 23.5 75.8 94.75
6. Implementation of cost effective engineering for every 
aspect in project design. 5.3 25.8
68.9 13
CONTRACTS
2. Implementation of early estimating in project planning 
and risk management. 2.3 27.3 70.5 30.65
15. Control of cost and schedule based on the master plan. 5.3 30.3 64.4 12.15
16. Appropriate actions taken based on the cost and 
schedule control for every project. 6.1 25 68.9 11.30
37. Availability of written process for project delivery and 
contract strategies within the project. 9.1 33.3 57.6 6.33
38. Usage of project incentive is implemented at the 
project level. 12.1 40.9 47 3.88
CONSTRUCTION
'■y3. Use of modularization and pre-assembly as a tool at 
project level. 17.4 36.4 46.2 2.66
10. Implementation of material management at project 
level. 7.6 34.1 58.3 7.67
11. Comprehensive material management training 
program. 22.2 34.1 44.7 2.01
17 Implementation of risk management at the project 
level. 15.2 36.4 48.5 3.19
18. Regular updating of database of good work practices 
for risk management, lessons learned and listing of 
experts.
16.7 37.1 46.2 2.77
19. Management of workersN compensation based on 
regional standard. 19.7 35.6 44.7 2.27
44. Utilization of wireless technology for project 
processes.
Wireless technology is implemented for project 
processes.
28 37.9 34.1 1.22
MATERIAL & RELATIONSHIP MANAGEMENT
8. Management of supplier relationship. 7.6 33.3 59.1 7.78
9. Sharing and transferring knowledge with clients, 
customers and suppliers. 3.8 27.3
68.9 18.13
13. Availability of specific documentation to support the 
implementation of material management (e.g. file 
documents, database, etc).
5.3 27.3 67.4 12.72
14. Measurement of material management cost and 
benefits. 10.6 25.8 63.6 6
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informal training to keep 13.6 25.8 60.6 4.46cmpiuyccMNSKiiis uuiiciiu
23. Availability of appropriate tools to measure 
productivity measurement. 16.7 36.4 47 2.81
24. Sufficiency of resources to ensure multiskilling of 
employees at the project level. 12.9 30.3 56.8 4.40
25. Identification of barriers for implementation of project 
team. 8.3 33.3 58.3 7.02
STARTUP AND OPERATION
20. Availability of design for maintainability to measure 
PPs. 11.4 40.2 48.5 4.25
21. Management of planning for startup to ease 
collaboration work of projects or teams that are 
physically separated (i.e., different work sites).
14.4 41.7 43.9 3.09
26. Implementation of appropriate strategies for leader 
selection for every project. 14.4 25 60.6 4.21
27. Implementation of comprehensive partnership training 
program. 24.2 42.4 33.3 1.38
28. Management of the organizational work structure at 
the project level. 8.3 37.9 53.8 6.48
29. Implementation of quality management at the project 
level. 6.1 34.1 59.8 9.80
30. Identification of barriers to the implementation of 
products and services based on planning and design. 10.6 33.3 56.1 5.29
31. Ability to adapt products and services to client 
requirements. 8.3 20.5 71.2 8.58
32. Utilization of appropriate strategies and experiences to 
determine benchmark. 12.9 33.3 53.8 4.17
PROJECT CONTROL
33. Implementation of systems for change management. 12.9 41.7 45.5 3.53
34. Resources are sufficient to implement change 
management (e.g. time, computers, and people). 9.1 28.8 62.1 6.82
35. Measurement of costs and benefits of work packaging. 13.6 40.2 46.2 3.40
36. There is a written process for work packaging 
implementation within the project. 17.4 37.9 44.7 2.57
TECHNOLOGY & SAFETY
39. Implementation of zero accident techniques at the 
project level. 18.2 33.3 48.5 2.66
40. Implementation of design for safety for every project. 12.9 32.6 54.5 4.22
41. Automatic identification of barriers/problems for 
project processes (design, control, crash program, etc) 
using information technology (software application: 
Primavera, Microsoft project, ETABS, SAp 2000, etc).
15.2 32.6 52.3 3.44
42. Utilization of electronic commerce to increase number 
of markets (e.g. wider geographic locations) and to 
improve client and customer relations (i.e., website, E­
mail, etc).
18.9 43.9 37.1 1.96
43. Management of fully integrated and automated project 
using information technology (i.e., database, filing 
system, sharing data, etc).
17.4 32.6 50 2.87
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Ability to capture employeesNknowledge from other 
sources (i.e., other business enterprises, industrial 
associations, technical literature, public research 
institutions including universities and government 
laboratories).
Availability of computer-aided to design every 
project.
Sufficiency of resources to implement material 
management (e.g. time, computer and people)._______
13.7
13.7
3.8
10.6
34.4
34.4
12.1
32.6
51.9
51.9
84.1
56.8
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13.7
3.79
22.13
5.36
Table 4.10 shows the impact of ITIC items on Malaysian construction consulting 
company. Similar to KM, more than half of ITIC items have quite low impact ratio, 
which is less than 5. It is also implied that ITIC has not been fairly appreciated and 
implemented in the companies. However, basic ITIC items show substantially greater 
impact, which are Manage communication network service (e.g., phone contact, fax, etc) 
and Manage messaging service (e.g., E-mail, Notice board, etc) with impact ratio of 
more than 15. Besides, ITIC items which are fairly implemented include, Manage 
business applications (e.g., software applications: Microsoft office, Microsoft Project, 
Primavera, etc), Provide security for firm-wide database and applications (e.g., file/data 
backup, anti virus software, etc) and Implement disaster planning and recovery system 
for business units (e.g., backup, disk tools, etc) with the impact ratio of more than 1 0 . 
Amongst the low impact indicators are Manage business-unit data, including standards 
(e.g., oracle, database system, Provide intranet capability for document management, 
Provide intranet capability for collaboration (e.g., local resource sharing), and Develop a 
common systems environment, where all o f them have impact ratio less than 3. The 
lowest impact indicator is Provide management information electronically (e.g., EIS) 
with a ratio of 2.18. Although most of the items have low impact ratio, all the items still 
have significant degree o f impact since their impact ratio are greater than 1 .0 , hence 
none of the item is excluded.
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ITIC VARIABLES is
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No DATA MANAGEMENT CAPABILITY
sa
.1=
59. Provide data m anagement advisory and 
consultancy services.
14.4 34.8 50.8 3.53
60. M anage business-unit data, including standards 
(e.g., Oracle, database system).
14.4 47 38.6 2.68
61. M anage database management system. 12.9 43.9 43.2 3.35
62. Manage, maintain and support large scale data 
processing facilities. 12.9 41.7 45.5
3.53
67. Utilize Information System (IS) for project 
management. 6.1 44.7
49.2 8.07
68. Utilize IS planning o f business units. 9.8 47 43.2 4.41
INTEGRATION CAPABILITY
49. M anage communication network service (e.g., 
phone contact, fax, etc). 4.5 12.9 82.6
18.36
50. M anage messaging service (e.g., E-mail, Notice 
board, etc). 4.5 20.5 75
16.67
51. M anage business unit workstation networks (e.g., 
LAN/stand alone PC). 8.3 25.8 65.9
7.94
52. M anage business applications (e.g., software 
applications: M icrosoft Office, M icrosoft Project, 
Primavera, etc).
5.3 18.9 75.8 14.30
53. Recom m end standards for IT architecture 
components (e.g., hardware, operating systems, 
and communications).
8.3 33.3 58.3 7.02
54. Enforce IT architecture. 10.6 38.6 49.2 4.64
COLLABORATION CAPABILITY
55. Provide multimedia operations and development 
(e.g., video conferencing). 24.2 43.2 67.4
3.16
56. Provide intranet capability for document 
management. 18.2 28.8 53
2.91
57. Provide intranet capability for collaboration (e.g., 
local resource sharing). 18.2 27.3 54.5
2.99
58. Provide electronic support for groups (e.g., 
documents, tutorials, CD software, etc). 13.6 34.8 51.5
3.77
UTILITY CAPABILITY
69. Utilize IS to manage and negotiate with suppliers 
and subcontractor (by tenders, quotations in 
buying or dealing).
8.3 51.5 40.2 4.84
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suppliers or customers (e.g., website, E-mail 
address, etc).__________________________________
Develop a com m on systems environment.
17.4
13.6
15.2
44.7
42.4
40.2
SECURITY & SUPPORT CAPABILITY
Provide security for firm-wide database and 
applications (e.g., file/data backup, anti virus 
software, etc).
Im plem ent disaster planning and recovery system 
for business units (e.g., backup, disk tools, etc).
Provide technological advices and support 
services for internal requirement.________________
Provide training services for new technologies 
(e.g., software training, etc).____________________
6.1
6.8
8.3
8.3
21.2
21.2
34.8
32.6
37.9
43.9
44.7
72.7
72.7
56.8
59.1
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2.18
3.23
2.94
11.92
10.69
6.84
7.12
Table 4.11 shows the impact of PP items on Malaysian construction consulting 
company. There are several PP items which show substantially greater impact; the time 
limit for the project is clearly stated, Project activities are executed in accordance to the 
time schedule, the project has clear and exact goals, the project missions are clearly 
stated, the master plan is regarded as mandatory for all project participants (e.g., 
contractor, supplier, etc and The quality parameters for the project are clearly stated, 
with the impact ratio of more than 15. Besides, PP items which are fairly implemented 
include, The financial limit for the project is clearly stated, The project meetings have 
well-planned agenda, the final date of project completion is clearly defined, Project 
executor maintain all activities within quality parameters and the project that fulfils its 
goals, the results will be beneficial for the end users, which the impact ratio of more than 
10. The lowest impact indicator is the project is normally completed within budget with 
a ratio of 3.84. However, since the impact ratio of all items o f PP is greater than 1.0, all 
the items have greater degree of impact, and none of the item is excluded.
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PP VARIABLES
«
s
"(S
s
Z <
CJ
a
s
No TIME
74. The time limit for the project is clearly stated. 2.3 19.7 78 33.91
75. Project activities are executed in accordance to the 
time schedule. 3.8 22 74.2
19.53
76. Project activities are carried out exactly as 
planned. 8.3 28.8 62.9
7.58
80. The financial limit for the project is clearly stated. 5.3 25 69.7 13.15
COST
77. The project is norm ally finished on time. 12.9 34.1 53 4.11
78. The project meetings have well-planned agenda. 6.1 25.8 68.2 11.18
79. The final date o f project com pletion is clearly 
defined. 6.1 18.2 75.8
12.43
82. The project is norm ally completed within budget. 14.4 30.3 55.3 3.84
QUALITY
81. Project executors conform  to the planned cost 
schedule for all activities. 8.3 27.3 64.4
7.76
87 Project executor maintains all activities within 
quality parameters 6.1 32.6
61.4 10.07
90. All key participants were involved in the detailed 
project planning. 10.6 28 61.4
5.79
91. Project superiors (Top management, Steering 
Committee, etc) are accessible to the key 
executors whatever necessary.
7.6 23.5 68.9 9.07
93. The project has met its planned quality standard 6.8 25 68.2 10.03
95. All experiences gained through this project have 
been discussed in a special meeting and /or in a 
final evaluation report.
10.6 22 67.4 6.36
96. All relevant documents from this project are or 
will be com piled in a separate end-of-project 
report or file.
9.1 27.3 63.6 6.99
SCOPE
83. The project has clear and exact goals 3 22.7 74.2 24.73
84. The project missions are clearly stated. 4.5 25.8 69.7 15.89
85. The goal o f  the project is accepted by  those 9.1 26.5 64.4 7.08
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88. The m aster plan is regarded as mandatory for all 
project participants (e.g., contractor, supplier, etc). 3.8 25 71.2
18.74
89. The m aster plan clearly indicates who will be 
responsible for the various activities in the project. 7.6 21.2 71.2
9.37
92. Project quality is well defined during its 
execution. 5.3 25.8 68.9
13
94. The quality parameters for the project are clearly 
stated. 4.5 23.5 72
16
4.6 Normality Test using Probability Plot
Since the data collected has demonstrated statistically reliable, the Probability 
Plot was used to determine if the 18 variables are normally distributed or not. Based on 
graphs attached in Appendix H, the 18 variables demonstrated normal distribution 
whereby the points cluster around a straight line indicates that the distribution of the all 
variables o f KM, ITIC and PP are normal.
4.7 Analysis of the Level of KM, ITIC and PP Using Single Mean T-Tests
Since the constructs are proven to be normally distributed, a series o f single 
mean t-tests were conducted on the transformed constructs to assess whether the mean 
level o f each constructs is greater than 50.0 or not. Table 4.12(a-c), illustrates the 
outcome o f single mean t-tests for the 18 constructs. The single mean T-tests are 
required to answer the second research question:
RQ2: What are the levels of KM, ITIC and PP among Malaysian Construction 
Consulting Companies?
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data for which the data interval ranges from 0 - 1 0 0 , one- 
jDerformed to assess the levels of the KM, ITIC and PP
based on the following research hypothesis:
RH2 : The level o f KM, ITIC and PP are high (one-tailed p B 0.05)
4.7.1 Analysis of Level of KM Using Single Mean T-Tests
The results o f the hypotheses testing of KM level are demonstrated in Table 
4.12(a), 4.12(b) and 4.12(c) as below:
Table 4.12(a): Analysis of KM Level Using Single Mean T-Tests (One-Sample
Statistics)
KM Variables
N Mean
Std.
Deviation
Std.
Error
Mean
KMFRENDP 132 73.6742 14.11407 1.22847
KMCONTR 132 67.6894 16.70815 1.45426
KMCONSTR 132 58.2251 17.70623 1.54113
KMRELMAT 132 69.0341 15.55784 1.35414
KMPEOPL 132 63.2576 19.26039 1.67640
KMOPERTN 132 62.7946 16.54521 1.44008
KMCONTRL 132 60.8428 18.32144 1.59468
KMTECHSF 132 61.7045 20.93091 1.82180
KMGLOBAL 132 65.4545 16.95813 1.47602
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Test Value = 50
KM Variables T Df
Sig. (2­
tailed)
Mean
Difference
95% Confidence 
Interval of the 
Difference
Lower Upper
KMFRENDP 19.271 131 .000 23.6742 21.2440 26.1045
KMCONTR 12.164 131 .000 17.6894 14.8125 20.5663
KMCONSTR 5.337 131 .000 8.2251 5.1764 11.2738
KMRELMAT 14.056 131 .000 19.0341 16.3553 21.7129
KMPEOPL 7.908 131 .000 13.2576 9.9413 16.5739
KMOPERTN 8.885 131 .000 12.7946 9.9458 15.6434
KMCONTRL 6.799 131 .000 10.8428 7.6882 13.9975
KMTECHSF 6.425 131 .000 11.7045 8.1006 15.3085
KMGLOBAL 10.470 131 .000 15.4545 12.5346 18.3745
Table 4.12 (c): Summary Analysis o f KM Level Using Single Mean T-Tests
KM Variables Hypothesis Testing p-
value
Result Mean Conclusion
KM Front-end 
Planning
Ho: mean level of KM Front-end
Planning < 50.00
Ha: mean level of KM Front-end
Planning > 50.00
Reject Ho if p-value < 0.05.
0.000 Reject
Ho
73.67 The level of KM 
Front-end 
Planning is 
significantly 
high.
KM Contract Ho: mean level of KM 
Contract < 50.00 
Ha: mean level of KM 
Contract > 50.00 
Reject Ho if p-value < 0.05.
0.000 Reject
Ho
67.68 The level of KM 
Contract is 
significantly 
high.
KM
Construction
Ho: mean level of KM 
Construction < 50.00 
Ha: mean level of KM 
Construction > 50.00 
Reject Ho if p-value < 0.05.
0.000 Reject
Ho
58.22 The level of KM 
Construction is 
significantly high
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/el of KM 
Management <
Management
KM People
KM Operation
KM Control
KM
Technology 
and Safety
50.00
Ha: mean level of KM 
Relationship and Management >
50.00
Reject Ho if p-value < 0.05.
Ho: mean level of KM People 
and Management < 50.00 
Ha: mean level of KM People and 
Management > 50.00 
Reject Ho if p-value < 0.05.
Ho: mean level of KM Operation 
< 50.00
Ha: mean level of KM Operation 
> 50.00
Reject Ho if p-value < 0.05.
Ho: mean level of KM Control <
50.00
Ha: mean level of KM Control >
50.00
Reject Ho if p-value < 0.05.
Ho: mean level of KM 
Technology and Safety < 50.00 
Ha: mean level of KM 
Technology and Safety > 50.00 
Reject Ho if p-value < 0.05.
0.000
0.000
0.000
0.000
0.000
Reject
Ho
Reject
Ho
Reject
Ho
Reject
Ho
Reject
Ho
69.03
63.25
62.79
60.84
61.70
The level of KM 
Relationship and 
Management is 
significantly high
The level of KM 
People is 
significantly high
The level of KM 
Operation is 
significantly high
The level of KM 
Control is 
significantly high
The level of KM 
Technology and 
Safety is
significantly high
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" KM Resource 
.00
Ha: mean level of KM Resource 
and Standard > 50.00 
Reject Ho if p-value < 0.05.
0.000 Reject 65.45 The level of KM
Ho Resource and
Standard is
significantly high
Based on Table 4.12(c), all level o f KM variables including KM Front-end 
Planning, KM Contract Management, KM Construction, KM Relationship and Material 
Management, KM People, KM Operation, KM Control, KM Technology and Safety and 
KM Resource and Standard are statistically proven to be significantly high.
4.7.2 Analysis of Level of IT Infrastructure Capability using Single Mean T-Test
The results of the hypotheses testing of ITIC level are demonstrated in Table 
4.13(a), 4.13(b) and 4.13(c) as below:
Table 4.13(a): Analysis o f ITIC Level Using Single Mean T-Tests (One-Sample
Statistics)
ITIC
Variables N Mean
Std.
Deviation
Std.
Error
Mean
ITINTEG 132 73.2639 19.00740 1.65438
ITCOLLA 132 60.3220 22.22136 1.93412
ITDM 132 60.7639 18.10757 1.57606
ITSECUTL 132 71.5436 19.76898 1.72067
ITOTHER 132 58.9489 18.84032 1.63984
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ITIC
Variables
ITINTEG
ITCOLLA
ITDM
ITSECUTL
ITOTHER
lysis o f ITIC Level Using Single Mean T-Tests
Test Va ue = 50
T
14.062
5.337
6.830
12.520
5.457
df
131
131
131
131
131
Sig. (2­
tailed)
. 0 0 0
. 0 0 0
. 0 0 0
. 0 0 0
. 0 0 0
Mean
Difference
23.2639
10.3220
10.7639
21.5436
8.9489
95% Confidence 
Interval o f the 
Difference
Lower
19.9911
6.4958
7.6461
18.1397
5.7049
Upper
26.5367
14.1481
13.8817
24.9475
12.1929
Table 4.13 (c): Summary Analysis o f IT Using Single Mean T-Tests
ITIC
Variables
Hypothesis Testing p-
value
Result Mean Conclusion
IT Integration 
Capability
Ho: mean level of IT Integration 
< 50.00
Ha: mean level of IT Integration 
> 50.00
Reject Ho if p-value < 0.05.
0.000 Reject Ho 73.26 The level of IT 
Integration is 
significantly 
high.
IT
Collaboration
Capability
Ho: mean level of IT 
Collaboration < 50.00 
Ha: mean level of IT 
Collaboration > 50.00 
Reject Ho if p-value < 0.05.
0.000 Reject Ho 60.32 The level of IT 
Collaboration is 
significantly 
high.
IT Data
Management
Capability
Ho: mean level of Data 
Management < 50.00 
Ha: mean level of Data 
Management > 50.00 
Reject Ho if p-value < 0.05.
0.000 Reject Ho 60.32 The level of 
Data
Management is 
significantly 
high.
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lT Others 
Capability
' IT Security
Ha: mean level of lT Security
and Utility > 50.00
Reject Ho if p-value < 0.05.
Ho: mean level of Others lT
Capability < 50.00
Ha: mean level of Other lT
Capability > 50.00
Reject Ho if p-value < 0.05.
0.000
0.000
Reject Ho
Reject Ho
71.54
58.94
The level of lT 
Security and 
Utility is 
significantly 
high.
The level of 
Other lT 
Capability is 
significantly 
high.
Based on Table 4.13(c), the level o f all ITIC variables which are IT Integration 
Capability, Collaboration Capability, lT Data Management Capability, lT Security and 
Utility Capability and Other lT Capability are statistically proven to be significantly 
high.
Since KM, lTlC and PP variables are shown to be significantly high, the findings 
support the following research hypothesis H a1 :
RH2 : The level o f KM, ITIC and PP are high (one-tailed p B 0.05)
4.7.3 Analysis of Level of PP Using Single Mean T-Tests
The results o f the hypotheses testing o f PP level are demonstrated in Table 
4.14(a), 4.14(b) and 4.14(c) as below:
S’-
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level Using Single Mean T-Tests (One-Sample Statistics)
Mean
Std.
Deviation
Std.
Error
Mean
PP Variables
N
PPTIME 132 74.5739 17.76505 1.54625
PPCOST 132 68.9394 19.50514 1.69770
PPQUALIT 132 68.9394 18.22115 1.58595
PPSCOPE 132 72.3011 17.64717 1.53599
Table 4.14 (b): Analysis o f PP Using Single Mean T-Tests 
One-Sample Test
Test Value = 50
95% Confidence
Sig. (2- Mean Interval o f the
PP Variables T D f tailed) Difference Difference
Lower Upper
PPTIME 15.893 131 . 0 0 0 24.5739 21.5150 27.6327
PPCOST 11.156 131 . 0 0 0 18.9394 15.5809 22.2979
PPQUALIT 11.942 131 . 0 0 0 18.9394 15.8020 22.0768
PPSCOPE 14.519 131 . 0 0 0 22.3011 19.2626 25.3397
Table 4.14 (c): Summary Analysis o f PP Level Using Single Mean T-Tests
PP Variables Hypothesis Testing p-
value
Result Mean Conclusion
Project Time Ho: mean level of Project Time 
< 50.00
Ha: mean level of Project Time 
> 50.00
Reject Ho if p-value < 0.05.
0.000 Reject
Ho
74.57 The level of Timely 
Project is 
significantly high.
Project Cost Ho: mean level of Project Cost 
< 50.00
Ha: mean level of Project Cost > 
50.00
Reject Ho if p-value < 0.05.
0.000 Reject
Ho
68.93 The level of Project 
Cost estimation is 
significantly high.
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roject Cost <
Project Scope
Ha: mean level of Project Cost > 
50.00
Reject Ho if p-value < 0.05.
Ho: mean level of Project Scope 
< 50.00
Ha: mean level of Project Cost > 
50.00
Reject Ho if p-value < 0.05.
0.000
0.000
Reject
Ho
Reject
Ho
68.93
72.30
The level of Project 
Quality is 
significantly high.
The level of Project 
Scope definition is 
significantly high.
Based on Table 4.14(c), the level o f all PP variables which are Project Time, 
Project Cost, Project Quality and Project Scope are statistically proven to be 
significantly high.
4.8 Comparing Means of PP by Demographic Background Using ANOVA
Comparison of means based on demographic background of the practitioners was 
conducted using one-way analysis o f variance (ANOVA) since all groupings are more 
than two to answer the third research question:
RQ3: What are the differences in the level of PP based on demographic 
background of Malaysian Construction Consulting Companies?
A series o f one-way ANOVA was conducted to assess the difference o f mean for 
the 23 constructs based on five demographic variables: type of company, company 
ownership, position, working experience and level of education of the practitioner.
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■ ; 4.15, only Project Scope demonstrated differences in
___________________ s of the practitioners since the p-value is less than 0.05.
Upon further analysis mean of project scope is highest for the practitioners from civil 
engineering company where as all other three constructs which are Project Time, Project 
Cost and Project Quality were not demonstrated any differences in its means based on 
company type of the practitioner since all the p-values are greater than 0.05.
Table 4.15: Analysis of Type of Company Using ANOVA
PP
Variables
Between/ 
Within groups
Sum of 
Squares D f
Mean
Square F Sig.
PPTIME Between Groups 605.976 3 201.992 .635 .594
Within Groups 40737.241 128 318.260
Total 41343.217 131
PPCOST Between Groups 1510.557 3 503.519 1.334 .266
Within Groups 48328.458 128 377.566
Total 49839.015 131
PPQUALIT Between Groups 2027.584 3 675.861 2.086 .105
Within Groups 41465.768 128 323.951
Total 43493.352 131
PPSCOPE Between Groups 3463.550 3 1154.517 3.958 . 0 1 0
Within Groups 37332.793 128 291.662
Total 40796.342 131
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e Analysis on Type of Company Using ANOVA
Std.
Deviation Std. Error
95% Confidence 
Interval for Mean Min MaxVariable
i ype ui 
C om pany N Mean
Lower
Bound
Upper
Bound
PPTIME Q uantity
Surveyor 10 70.6250 18.17402 5.74713 57.6241 83.6259 37.50 100.00
Civil
E ngineering 83 76.1295 18.47214 2.02758 72.0960 80.1630 25.00 100.00
A rchitecture 19 73.3553 13.31413 3.05447 66.9381 79.7725 43.75 93.75
O thers 20 71.2500 18.62900 4.16557 62.5314 79.9686 25.00 100.00
Total 132 74.5739 17.76505 1.54625 71.5150 77.6327 25.00 100.00
PPQUAL
IT
Q uantity
Surveyor 10 64.6429 16.61983 5.25565 52.7537 76.5320 35.71 85.71
Civil
E ngineering 83 71.8589 17.58855 1.93059 68.0183 75.6994 17.86 100.00
A rchitecture 19 65.6015 16.33212 3.74685 57.7297 73.4733 32.14 96.43
O thers 20 62.1429 21.53482 4.81533 52.0642 72.2215 3.57 100.00
Total 132 68.9394 18.22115 1.58595 65.8020 72.0768 3.57 100.00
PPSCOP
E
Q uantity
Surveyor 10 58.7500 17.10365 5.40865 46.5148 70.9852 31.25 84.38
Civil
E ngineering 83 75.6777 16.02423 1.75889 72.1787 79.1767 34.38 100.00
A rchitecture 19 70.5592 15.84278 3.63458 62.9232 78.1952 37.50 100.00
O thers 20 66.7188 21.91667 4.90072 56.4614 76.9761 .00 100.00
Total 132 72.3011 17.64717 1.53599 69.2626 75.3397 .00 100.00
PPCOST Q uantity
Surveyor 10 59.3750 14.80487 4.68171 48.7842 69.9658 37.50 81.25
Civil
E ngineering 83 71.0843 19.78136 2.17129 66.7650 75.4037 25.00 100.00
A rchitecture 19 65.7895 17.22608 3.95193 57.4868 74.0922 12.50 93.75
O thers 20 67.8125 21.67673 4.84706 57.6675 77.9575 18.75 100.00
Total 132 68.9394 19.50514 1.69770 65.5809 72.2979 12.50 100.00
With reference to Table 4.17, all the four constructs of PP failed to show any 
differences in their means based on company ownership of the practitioners since their 
p-value are greater than 0.05.
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e of Company Ownership of the Practitioners Using
PP
Variables
Between/
Within
Groups
PPTIME Between 
Groups 
Within 
Groups 
Total
PPCOST Between 
Groups 
Within 
Groups 
Total
PPQUALIT Between 
Groups 
Within 
Groups 
Total
PPSCOPE Between 
Groups 
Within 
Groups 
Total
Sum of 
Squares df
Mean
Square F Sig.
254.350 2 127.175 .399 .672
41088.867 129 318.518
41343.217 131
162.501 2 81.251 . 2 1 1 .810
49676.514 129 385.089
49839.015 131
297.501 2 148.751 .444 .642
43195.851 129 334.852
43493.352 131
152.701 2 76.351 .242 .785
40643.641 129 315.067
40796.342 131
Table 4.18 shows that only Project Scope demonstrated the difference in its mean 
based on level o f position o f the practitioners since the p-value is less than 0.05, where 
as all other three constructs which are Project Time, Project Cost and Project Quality did 
not demonstrated any differences in their means based on level o f position of the 
practitioners since all the p-values are greater than 0.05.
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'Level o f Position of the practitioners Using ANOVA
PP
Variables
Between/
Within
Groups
Sum of 
Squares df
Mean
Square F Sig.
PPTIME Between
Groups 781.138 3 260.379 .822 .484
Within
Groups 40562.079 128 316.891
Total 41343.217 131
PPCOST Between
Groups 1676.681 3 558.894 1.485 . 2 2 2
Within
Groups 48162.334 128 376.268
Total 49839.015 131
PPQUALIT Between
Groups 2296.300 3 765.433 2.378 .073
Within
Groups 41197.052 128 321.852
Total 43493.352 131
PPSCOPE Between
Groups 4661.648 3 1553.883 5.504 . 0 0 1
Within
Groups 36134.694 128 282.302
Total 40796.342 131
Subsequently, with reference to Table 4.19, all the four constructs of PP did not 
demonstrated the difference in their means based on Level o f Experience of the 
practitioners since the p-value are greater than 0.05.
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el o f Experience of the Practitioners Using ANOVA
PP
Variables
Between/
Within
Groups
Sum of 
Squares D f
Mean
Square F Sig.
PPTIME Between
Groups 344.841 2 172.420 .543 .583
Within
Groups 40998.377 129 317.817
Total 41343.217 131
PPCOST Between
Groups 562.108 2 281.054 .736 .481
Within
Groups 49276.907 129 381.992
Total 49839.015 131
PPQUALIT Between
Groups 703.424 2 351.712 1.060 .349
Within
Groups 42789.927 129 331.705
Total 43493.352 131
PPSCOPE Between
Groups 1699.956 2 849.978 2.805 .064
Within
Groups 39096.386 129 303.073
Total 40796.342 131
Similarly, Table 4.20 shows that all the four constructs of PP did not 
demonstrated the difference in their means based on level of education of the 
practitioners since the p-value are greater than 0.05.
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Level o f Education of the Practitioners Using ANOVA
PP Variable
Between/
Within
Groups
Sum of 
Squares df
Mean
Square F Sig.
PPTIME Between
Groups 1333.013 2 666.506
2.14
9 . 1 2 1
Within
Groups 40010.204 129 310.157
Total 41343.217 131
PPCOST Between
Groups 452.214 2 226.107 .591 .555
Within
Groups 49386.801 129 382.843
Total 49839.015 131
PPQUALIT Between
Groups 637.755 2 318.878 .960 .386
Within
Groups 42855.597 129 332.214
Total 43493.352 131
PPSCOPE Between
Groups 289.621 2 144.811 .461 .632
Within
Groups 40506.721 129 314.006
Total 40796.342 131
4.9 Correlation Analysis
The relationships are further tested using correlation analysis to obtain the 
explanatory power of the variables in order to answer the fourth research question:
RQ4: What model could be developed to best predict PP based on KM, ITIC 
and demographic background of Malaysian Construction Consulting Companies?
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nalysis was performed between project time, project cost, 
De and the other nine variables of KM and six variables of
ITIC. The following research hypotheses are necessary to answer RQ4:
RH3 : The KM and PP are positively related (one-tailed p B 0.05)
RH4 : The ITIC and PP are positively related (one-tailed p B 0.05)
Table 4.21 shows the correlation between the dependent variables time and 
independent variables o f KM. As shown, all coefficients are moderately large with p- 
values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which means 
p<0.005). Therefore, all nine variables o f KM are significantly and positively correlated 
with project time. The highest Pearson correlation value is 0.444 for KM initiative 
during Relationship and Material management, while the lowest Pearson correlation 
value is 0.286 for KM initiative for Technology and Safety. The correlation analysis 
showed that the order of correlation for variables from highest to lowest, that affected 
project time is as follows: KM initiative during Relationship and Material management 
(0.444), KM initiatives during project operation (.424), KM initiatives during contract 
management (.418), KM initiatives o f the people (.369), KM initiatives during front-end 
and planning (.360), KM initiatives for Resource and Standard issues (.358), KM 
initiatives during project construction (.332), KM initiatives during project control (.319) 
and KM initiative for technology and safety (.286).
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rrelations i(KM Variables and Project Time)
K M K M
K M
O PE
K M
C O N
KM
TE C H S K M K M PPTIM
le N D R C O N S T R PE O PL RT T R F G LO B A L R E L M A T E
KM
FREN
Pearson
Correla-tion 1
.608
(**)
.552
(***)
.485
(**)
.528
(**)
.467
(**)
.349
(**)
.492
(**)
.567
(**)
.360
(**)
DP Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000
.000
N 132 132 132 132 132 132 132 132 132 132
KM
CONT
Pearson
Correlation
.608
(**) 1
.621
(**)
.524
(**)
.598
(**)
.564
(**)
.531
(**)
.479
(**)
.524
(**)
.418
R Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000
.000
N 132 132 132 132 132 132 132 132 132 132
KM
CONS
Pearson
Correlation
.552
(**)
.621
(**) 1
.662
(**)
.706
(**)
.666
(**)
.562
(**)
.591
(**)
.613
(**)
.332
TR Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000
.000
N 132 132 132 132 132 132 132 132 132 132
KM
PEOP
Pearson
Correlation
.485
(**)
.524
(**)
.662
(**) 1
.727
(**)
.609
(**)
.546
(**)
.579
(**)
.560
(**)
.369
L Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000
.000
N 132 132 132 132 132 132 132 132 132 132
KM
OPER
Pearson
Correlation
.528
(**)
.598
(**)
.706
(**)
.727
(**) 1
.715
(**)
.605
(**)
.625
(**)
.606
(**)
.424
TN Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000
.000
N 132 132 132 132 132 132 132 132 132 132
KM
CONT
Pearson
Correlation
.467
(**)
.564
(**)
.666
(**)
.609
(**)
.715
(**) 1
.565
(**)
.545
(**)
.533
(**)
.319
RL Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
KMT
TECH
Pearson
Correlation
.349
(**)
.531
(**)
.562
(**)
.546
(**)
.605
(**)
.565
(**) 1
.554
(**)
.361
(**)
.286
SF Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000 .001
N 132 132 132 132 132 132 132 132 132 132
KM
GLOB
Pearson
Correlation
.492
(**)
.479
(**)
.591
(**)
.579
(**)
.625
(**)
.545
(**)
.554
(**) 1
.510
(**)
.358
AL Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000
.000
N 132 132 132 132 132 132 132 132 132 132
KMRE
LMAT
Pearson
Correlation
.567
(**)
.524
(**)
.613
(**)
.560
(**)
.606
(**)
.533
(**)
.361
(**)
.510
(**) 1
.444
Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000
.000
N 132 132 132 132 132 132 132 132 132 132
PPTIM
E
Pearson
Correlation
.360
(**)
.418
(**)
.332
(**)
.369
(**)
.424
(**)
.319
(**)
.286
(**)
.358
(**)
.444
(**) 1
Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .001 .000 .000
N 132 132 132 132 132 132 132 132 132 132
** Correlation is significant at t le 0 . 0 1  level (2 -tailed).
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correlation between the dependent variables project cost 
_LM. As shown, all coefficients are moderately large with
p-values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which means 
p<0.005). Therefore, all nine variables o f KM are significantly and positively correlated 
with project cost. The highest Pearson correlation value is .397 for KM initiative during 
Relationship and Material management, while the lowest Pearson correlation value is 
.250 for KM initiative for Technology and Safety. The correlation analysis showed that 
the order of correlation for variables from highest to lowest, that affected project cost is 
as follows: KM initiative during Relationship and Material management (.397), KM 
initiatives during project operation (.375), KM initiatives during f^ont-end and planning 
(.355), KM initiatives during project construction (.335), KM initiatives during contract 
management (.317), KM initiatives of the people (.309), KM initiatives during project 
control (.289) KM initiatives for Resource and Standard issues (.261) and KM initiative 
for technology and safety (.250).
Table 4.22: Correlations (KM Variables and PP Cost)
KM
Variable
KM
FREN
D
KM
CONT
R
KM
CONS
TR
KM
PEOP
L
KM
OPER
T
KM
CONT
R
KM
TECH
S
KM
GL
OB
A
KM
RELM
AT
PP
COST
KM
FRENDP
Pearson
Correlation
1 .608(**) .552C») .485(**) .528(**) .467(**) .349(**) .492
(**)
.567(**) .355C»)
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
KM
CONTR
Pearson
Correlation
.608(**) 1 .621(**) .524(**) .598(**) .564(**) .531C») .479
(**)
.524C») 317(..)
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
KM
CONSTR
Pearson
Correlation
.552C») .621(**) 1 .662(**) .706(**) .666(**) .562(**) .591
(**)
.613(**) .335C»)
Sig. (2­
tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
KM
PEOPL
Pearson
Correlation
.485(**) .524(**) .662(**) 1 727(»») .609(**) .546(**) .579
(**)
.560(**) .309(**)
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
KM
OPERTN
Pearson
Correlation
.528(**) .598(**) .706(**) 727(»») 1 .715C») .605(**) .625
(**)
.606(**) .375C»)
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
r
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L Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .001
N 132 132 132 132 132 132 132 132 132 132
KM
TECHSF
Pearson
Correlation
.349(»») .531C») .562C») .546C») .605C») .565C») 1 .554(••) .361(»») .250(»»)
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .004
N 132 132 132 132 132 132 132 132 132 132
KM
GLOBA
L
Pearson
Correlation .492C»)
.479(»») .591C») .579C») .625C») .545C») .554C») 1 .510(»») .261(»»)
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .003
N 132 132 132 132 132 132 132 132 132 132
KM
RELMA
T
Pearson
Correlation .567C») .524C») .613(»») .560C») .606C») .533C») .361(»»)
.510
(**)
1 397(»»)
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
PP Time
Pearson
Correlation
.355C») .317C») .335C») .309(**) .375C») .289(**) .250(**) .261
(**)
.397(**) 1
Sig. (2­
tailed)
.000 .000 .000 .000 .000 .001 .004 .003 .000
N 132 132 132 132 132 132 132 132 132 132
** Correlation is significant at the 0 . 0 1  level (2 -tai led).
Table 4.23 shows the correlation between the dependent variables project quality 
and independent variables o f KM. As shown, all coefficients are moderately large with 
p-values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which means 
p<0.005). Therefore, all nine variables o f KM are significantly and positively correlated 
with project quality. The highest Pearson correlation value is .527for KM initiatives 
during project operation, while the lowest Pearson correlation value is .434 for KM 
initiatives for Resource and Standard issues. The correlation analysis showed that the 
order of correlation for variables from highest to lowest, that affected project quality is 
as follows: KM initiatives during project operation (.527), KM initiative during 
Relationship and Material management (.524), KM initiatives of the people (.505), KM 
initiatives during project construction (.480), KM initiative for technology and safety 
(.452), KM initiatives during project control (.445), KM initiatives during front-end and 
planning (.442), KM initiatives during contract management(.441) and KM initiatives 
for Resource and Standard issues (.434).
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K M
V ariable
KMF
REN
DP
KMC
ONT
R
KMCON
STR
KMPEO
PL
KMOPE
RTN
KMCON
TRL
KMTEC
HSF
KMGLO
BAL
KMREL
MAT
PPQUA
LIT
K M FR E N
DP
Pearson
C orrela tion
1 .608
(**)
.552C») .485(**) .528(**) .467(**) .349(**) .492(**) .567(**) .442C»)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M C O N T
R
Pearson
C orrela tion
.608
(**)
1 .621C») .524C») .598C») .564C») .531C») .479(»») .524C») .441(»»)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M C O N S
T R
Pearson
C orrela tion
.552
(**)
.621
(**)
1 .662(**) .706(**) .666(**) .562(**) .591(**) .613(**) .480(**)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M PEO P
L
Pearson
C orrela tion
.485
(**)
.524
(**)
.662(**) 1 727(»») .609(**) .546(**) .579(**) .560(**) .505(**)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M O P E R
TN
Pearson
C orrela tion
.528
(**)
.598
(**)
.706C») 727(»») 1 .715C») .605C») .625C») .606C») .527C»)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M C O N T
RL
Pearson
C orrela tion
.467
(**)
.564
(**)
.666(**) .609(**) .715C») 1 .565(**) .545C») .533C») .445C»)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M T EC H
SF
Pearson
C orrela tion
.349
(**)
.531
(**)
.562C») .546C») .605C») .565C») 1 .554C») .361(»») .452C»)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M G LO B
AL
Pearson
C orrela tion
.492
(**)
.479
(**)
.591C») .579C») .625C») .545C») .554C») 1 .510C») .434(»»)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M R E L M
A T
Pearson
C orrela tion
.567
(**)
.524
(**)
.613(**) .560(**) .606(**) .533C») .361(**) .510(**) 1 .524(**)
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
PPQ U A L I
T
Pearson
C orrela tion
.442
(**)
.441
(**)
.480C») .505C») .527C») .445C») .452C») .434(»») .524C») 1
Sig. (2 ­
tailed)
.000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
** Correlation is significant at the 0.01 level (2-tailed).
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;orrelation between the dependent variables project scope
_____________ CM. As shown, all coefficients are moderately large with
p-values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which means 
p<0.005). Therefore, all nine variables o f KM are significantly and positively correlated 
with project quality. The highest Pearson correlation value is .531 for KM initiatives 
during project operation, while the lowest Pearson correlation value is .380 for KM 
initiative for technology and safety. The correlation analysis showed that the order of 
correlation for variables from highest to lowest, that affected project scope is as follows: 
KM initiatives during project operation (.531), KM initiatives o f the people (.476), KM 
initiatives for Resource and Standard issues (.470), KM initiatives during front-end and 
planning (.458), KM initiative during Relationship and Material management (.449), 
KM initiatives during project construction (.436), KM initiatives during project control 
(.410), KM initiatives during contract management(.398) and and KM initiative for 
technology and safety (.380).
r
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;orrelations (KM Variables and PP Scope)
KMCON
STR
KMP
EOPL
KMOPE
RTN
KMCON
TRL
KMTEC
HSF
KMGLO
BAL
KMREL
MAT
PP
SCOP
E
K M
V ariable
REN
DP
KMCON
TR
K M FR E N
DP
Pearson
C orrela tion
1 .608C») .552C») .485 .528C») .467C») .349(»») .492C») .567C») .458
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M C O N T
R
Pearson
C orrela tion
.608 1 .621(**) .524 .598(**) .564(**) .531C») .479(**) .524(**) .398
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M C O N S
T R
Pearson
C orrela tion
.552 .621C») 1 .662 .706C») .666C») .562C») .591C») .613(»») .436
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M PEO P
L
Pearson
C orrela tion
.485 .524(**) .662(**) 1 727(»») .609(**) .546(**) .579(**) .560(**) .476
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M O P E R
TN
Pearson
C orrela tion
.528 .598C») .706C») .727 1 .715C») .605C») .625C») .606C») .531
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M C O N T
RL
Pearson
C orrela tion
.467 .564C») .666C») .609 .715C») 1 .565C») .545C») .533C») .410
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M T EC H
SF
Pearson
C orrela tion
.349 .531C») .562(**) .546 .605(**) .565(**) 1 .554(**) .361(**) .380
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M G LO B
AL
Pearson
C orrela tion
.492 .479(»») .591C») .579 .625C») .545C») .554C») 1 .510C») .470
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
K M R E L M
A T
Pearson
C orrela tion
.567 .524(**) .613(**) .560 .606(**) .533C») .361(**) .510(**) 1 .449
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
PP SC O P E Pearson
C orrela tion
.458 398(»») .436C») .476 .531C») .410(»») .380C») .470C») .449(»») 1
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000
N 132 132 132 132 132 132 132 132 132 132
** Corre ation is significant at the 0 . 0 1  level (2 -tailed).
Table 4.25 shows the correlation between the dependent variables project time 
and independent variables o f ITIC. As shown, all coefficients are moderately large with 
p-values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which means
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iables of ITIC are significantly and positively correlated 
;st Pearson correlation value is .375 for IT Integration
Capability, while the lowest Pearson correlation value is .248 for IT Collaboration 
Capability. The correlation analysis showed that the order of correlation for variables 
from highest to lowest that affected project time is as follows: IT Integration Capability 
(.375), IT Security and Utility Capability (.357), IT Data management Capability (.304), 
Other IT capability (.266) and IT Collaboration capability (.248).
Table 4.25: Correlations (ITIC Variables and PP Time)
ITIC Variable IT IN T E G IT C O L L A IT D M
IT
SECU TL
IT
O T H E R PPTIM E
ITINTEG Pearson
Correlation 1 .592(**) .543(**) .595(**) .549(**) .375(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITCOLLA Pearson
Correlation .592(**) 1 .647(**) .631(**) .657(**) .248(**)
Sig. (2-tailed) .000 .000 .000 .000 .004
N 132 132 132 132 132 132
ITDM Pearson
Correlation .543(**) .647(**) 1 .662(**) .654(**) .304(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITSECUTL Pearson
Correlation .595(**) .631(**) .662(**) 1 .589(**) .357(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITOTHER Pearson
Correlation .549(**) .657(**) .654(**) .589(**) 1 .266(**)
Sig. (2-tailed) .000 .000 .000 .000 .002
N 132 132 132 132 132 132
PPTIME Pearson
Correlation .375(**) .248(**) .304(**) .357(**) .266(**) 1
Sig. (2-tailed) .000 .004 .000 .000 .002
N 132 132 132 132 132 132
Correlation is significant at the 0.0 level (2 -tailed).
Table 4.26 shows the correlation between the dependent variables project cost 
and independent variables o f ITIC. As shown, three of the coefficients are moderately 
large with p-values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which 
means p<0.005), which are IT Integration capability, IT Data Management Capability
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pability. However, IT Collaboration and Other IT Utility 
_i level o f statistical significant at p<0.000, with Pearson
correlation value of 0.039 and 0.015 respectively. Therefore, three variables of ITIC are 
significantly and positively correlated with project time. The highest Pearson 
correlation value is .276 for IT Data Management Capability, while the lowest Pearson 
correlation value is .269 for IT Security and Utility Capability. The correlation analysis 
showed that the order of correlation for variables from highest to lowest, that affected 
project time is as follows: IT Data management Capability (.276), IT Integration 
Capability (.271) and Security and Utility capability (.269).
Table 4.26: Correlations (ITIC Variables and PP Cost)
ITIC
Variable
IT
INTEG
IT
COLLA ITDM ITSECUTL ITOTHER
PPCOS
T
ITINTEG Pearson
Correlation 1 .592(**) .543(**) .595(**) .549(**) .271(**)
Sig. (2-tailed) .000 .000 .000 .000 .002
N 132 132 132 132 132 132
ITCOLLA Pearson
Correlation .592(**) 1 .647(**) .631(**) .657(**) .180(*)
Sig. (2-tailed) .000 .000 .000 .000 .039
N 132 132 132 132 132 132
ITDM Pearson
Correlation .543(**) .647(**) 1 .662(**) .654(**) .276(**)
Sig. (2-tailed) .000 .000 .000 .000 .001
N 132 132 132 132 132 132
ITSECUTL Pearson
Correlation .595(**) .631(**) .662(**) 1 .589(**) .269(**)
Sig. (2-tailed) .000 .000 .000 .000 .002
N 132 132 132 132 132 132
ITOTHER Pearson
Correlation .549(**) .657(**) .654(**) .589(**) 1 .212(*)
Sig. (2-tailed) .000 .000 .000 .000 .015
N 132 132 132 132 132 132
Pearson
Correlation .271(**) .180(*) .276(**) .269(**) .212(*) 1
Sig. (2-tailed) .002 .039 .001 .002 .015
N 132 132 132 132 132 132
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed).
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orrelation between the dependent variables project quality 
_TI. As shown, all coefficients are moderately large with
p-values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which means 
p<0.005). Therefore, five variables of ITIC are significantly and positively correlated 
with project quality. The highest Pearson correlation value is .407 for Other IT 
Capability, while the lowest Pearson correlation value is .278 for IT Collaboration 
Capability. The correlation analysis showed that the order of correlation for variables 
from highest to lowest that affected project quality is as follows: Other IT Capability 
(.407), IT Security and Utility Capability (.394), IT Data management Capability (.378), 
IT Integration capability (.299) and IT Collaboration capability (.278).
Table 4.27: Correlations (ITIC Variables and PP Quality)
ITIC
Variable ITINTEG ITCOLLA ITDM ITSECUTL ITOTHER
PPQUA
LIT
ITINTEG Pearson
Correlation 1 .592(**) .543(**) .595(**) .549(**)
299(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITCOLLA Pearson
Correlation .592(**) 1 .647(**) .631(**) .657(**) .278(**)
Sig. (2-tailed) .000 .000 .000 .000 .001
N 132 132 132 132 132 132
ITDM Pearson
Correlation .543(**) .647(**) 1 .662(**) .654(**) .378(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITSECUTL Pearson
Correlation .595(**) .631(**) .662(**) 1 .589(**) .394(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITOTHER Pearson
Correlation .549(**) .657(**) .654(**) .589(**) 1 .407(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
PPQUALIT Pearson
Correlation
299(**) .278(**) .378(**) .394(**) .407(**) 1
Sig. (2-tailed) .000 .001 .000 .000 .000
N 132 132 132 132 132 132
** Correlation is significant at the 0 . 0 1  level (2 -tailed).
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orrelation between the dependent variables Project Scope 
_TIC. As shown, all coefficient are moderately large with
p-values all achieve a high level o f statistical significance at p<0 . 0 0 0  (which means 
p<0.005), except IT Collaboration capability with Pearson correlation value of 0.008. 
Therefore, four variables of ITIC are significantly and positively correlated with project 
quality. However one variable which is IT Collaboration capability is not significantly 
and positively correlated. The highest Pearson correlation value is .421 for IT Security 
and Utility Capability, while the lowest Pearson correlation value is .284 for Other IT 
Capability. The correlation analysis showed that the order of correlation for variables 
from highest to lowest that affected project scope is as follows: IT Security and Utility 
Capability (.421), IT Integration Capability (.362), IT Data management Capability 
(.297) and Other IT capability (.284).
Table 4.28: Correlations (ITIC Variables and PP Scope)
ITIC
Variable ITINTEG
ITCOLL
A ITDM ITSECUTL ITOTHER
PPSCO
PE
ITINTEG Pearson
Correlation 1 .592(**) .543(**) .595(**) .549(**) .362(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITCOLLA Pearson
Correlation .592(**) 1 .647(**) .631(**) .657(**)
232(**)
Sig. (2-tailed) .000 .000 .000 .000 .008
N 132 132 132 132 132 132
ITDM Pearson
Correlation .543(**) .647(**) 1 .662(**) .654(**)
297(**)
Sig. (2-tailed) .000 .000 .000 .000 .001
N 132 132 132 132 132 132
ITSECUTL Pearson
Correlation .595(**) .631(**) .662(**) 1 .589(**)
421(**)
Sig. (2-tailed) .000 .000 .000 .000 .000
N 132 132 132 132 132 132
ITOTHER Pearson
Correlation .549(**) .657(**) .654(**) .589(**) 1 .284(**)
Sig. (2-tailed) .000 .000 .000 .000 .001
N 132 132 132 132 132 132
PPSCOPE Pearson
Correlation .362(**)
232(**) 297(**) 421(**) .284(**) 1
Sig. (2-tailed) .000 .008 .001 .000 .001
N 132 132 132 132 132 132
** Correlation is significant at the 0.01 level (2-tailed).
r
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findings, it is statistically proven that all independent 
_____________ jnificantly and positively correlated with the 4 dependent
variables o f PP, except IT collaboration capability does not show significant correlation 
with Project Scope and Project Cost as well as correlation between Other IT Utility with 
Project Cost. Thus, the above findings support the research hypotheses RH3  as well as 
RH4  with the above exceptions.
4.10 Regression Analysis
The relationships are further tested using regression analysis to obtain the best 
model to predict PP based on KM, ITIC and demographic background in order to answer 
the fourth research question:
RQ4: What model could be developed to best predict PP based on KM, ITIC 
and demographic background of Malaysian Construction Consulting Companies?
2
In the study, adjusted r values of all independent variables are analyzed to test 
the following null hypothesis:
Ho5 : PP cannot be predicted by KM, ITIC and the demographic background of 
the companies. (two-tailed p B 0.05)
4.10.1 Regression Analysis on Project Time
The first regression analysis is performed on PP time using nine independent 
variables o f KM, five independent variables o f ITIC and five independent variables of 
demographic background. Detailed results of the regression analysis are presented in 
Table 4.29.
r
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16 possible models were generated and the multiple 
regression model with superior adjusted r^  is model 14 (adjusted r^  = .297), whereby PP 
time is said to be a function o f IT Integration, KM Relationship and Material 
Management, KM Contract Management, IT Security and Utility and IT Collaboration. 
This implies that 29.7% of variation in PP Time can be explained by the aforementioned 
variables.
With reference to Table 4.30, all 16 models do not have any multicollinearity 
problem since the VIF is less than 5. Thus the regression equation for predicting PP 
Time is based on model 14, and is stated as follows:
PP Time = 17.608 + 0.255(KM Contract Management) + 0.278(KM Relationship and 
Material Management) + 0.176(IT Integration) -  0.118(IT Collaboration) + 0.206(IT 
Security and Utility)
However, Durbin Watson value of 1.887 which is less than 2 indicates a positive 
serial correlation on the regression model. Thus, it indicates that there is some minor 
error in the model specification.
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;ression Analysis o f Project Time (PP Time)
Model
1
10
11
12
13
14
15
16
R
.586(a)
.586(b)
.586(c)
.586(d)
.586(e)
.586(f)
.585(g)
.584(h)
.583(i)
.580(j)
.578(k)
.575(l)
.573(m)
.569(n)
.559(o)
.548(p)
R Square
(r2)
344
344
344
344
343
343
342
341
340
337
334
330
328
324
313
300
Adjusted R 
Square (r )
.239
.246
.252
.259
.265
.271
.276
.281
.285
.288
.291
.292
.296
.297
.291
.284
Std. Error of 
the Estimate
15.49568
15.42761
15.36074
15.29487
15.23228
15.17187
15.11621
15.06235
15.01924
14.98967
14.95813
14.94349
14.90921
14.89326
14.95798
15.03679
Durbin-
Watson
1.887
a Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, 
ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN
b Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, 
ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN
c Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, 
ITCOLLA, KMCONSTR, KMOPERTN
d Predictors: (Constant), Education Level, KMTECHSF, Company Ownership, Working Experience, ITDM, 
Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, 
ITCOLLA, KMCONSTR, KMOPERTN
e Predictors: (Constant), Education Level, KMTECHSF, Company Ownership, Working Experience, ITDM, 
ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, ITCOLLA, KMCONSTR, 
KMOPERTN
f  Predictors: (Constant), Education Level, KMTECHSF, Company Ownership, Working Experience, ITDM, 
ITINTEG, KMCONTRL, KMRELMAT, KMCONTR, ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN 
g Predictors: (Constant), Education Level, KMTECHSF, Company Ownership, Working Experience, ITINTEG, 
KMCONTRL, KMRELMAT, KMCONTR, ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN 
h Predictors: (Constant), Education Level, KMTECHSF, Company Ownership, ITINTEG, KMCONTRL, 
KMRELMAT, KMCONTR, ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN 
i Predictors: (Constant), Education Level, Company Ownership, ITINTEG, KMCONTRL, KMRELMAT, 
KMCONTR, ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN
j Predictors: (Constant), Company Ownership, ITINTEG, KMCONTRL, KMRELMAT, KMCONTR, 
ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN
k Predictors: (Constant), Company Ownership, ITINTEG, KMRELMAT, KMCONTR, ITSECUTL, ITCOLLA, 
KMCONSTR, KMOPERTN
l Predictors: (Constant), Company Ownership, ITINTEG, KMRELMAT, KMCONTR, ITSECUTL, ITCOLLA, 
KMOPERTN
m Predictors: (Constant), Company Ownership, ITINTEG, KMRELMAT, KMCONTR, ITSECUTL, ITCOLLA 
n Predictors: (Constant), ITINTEG, KMRELMAT, KMCONTR, ITSECUTL, ITCOLLA
o Predictors: (Constant), ITINTEG, KMRELMAT, KMCONTR, ITSECUTL 
p Predictors: (Constant), KMRELMAT, KMCONTR, ITSECUTL 
q Dependent Variable: PPTIME
2
3
4
5
6
7
9
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me as the Dependent Variable Using Coefficients and
Mod
e
l
Unstandardized
Coefficients
Standa
rdized
Coeffi
cients t Sig.
95% Confidence 
Interval for B
Collinearity
Statistics
B
Std.
Error Beta
Lower
Bound
Upper
Bound
Toler
ance VIF
1 (Constant) 28.241 13.678 2.065 .041 1.142 55.340
KMFRENDP .010 .143 .008 .073 .942 -.273 .294 .448 2.230
KMCONTR .273 .127 .257 2.147 .034 .021 .526 .405 2.470
KMCONSTR -.089 .135 -.089 -.662 .509 -.357 .178 .321 3.118
KMPEOPL .003 .118 .003 .026 .980 -.230 .236 .356 2.808
KMOPERTN .185 .162 .173 1.147 .254 -.135 .505 .257 3.896
KMCONTRL -.082 .117 -.085 -.702 .484 -.314 .150 .399 2.508
KMTECHSF -.059 .095 -.069 -.620 .537 -.247 .129 .463 2.160
KMGLOBAL .028 .121 .026 .227 .821 -.213 .268 .433 2.312
KMRELMAT .261 .133 .229 1.956 .053 -.003 .526 .425 2.352
ITINTEG .192 .102 .205 1.890 .061 -.009 .393 .492 2.033
ITCOLLA -.069 .100 -.087 -.691 .491 -.268 .130 .368 2.714
ITDM -.035 .122 -.036 -.291 .771 -.277 .206 .377 2.653
ITSECUTL .181 .111 .202 1.626 .107 -.040 .402 .378 2.648
Type of 
Company -.264 2.111 -.012 -.125 .901 -4.447 3.918 .593 1.685
Position -.185 2.072 -.009 -.089 .929 -4.291 3.921 .572 1.747
Company
Ownership -5.073 6.281 -.065 -.808 .421 -17.516 7.371 .894 1.119
Working
Experience -.659 1.771 -.032 -.372 .711 -4.168 2.850 .763 1.310
Education Level -1.831 3.158 -.046 -.580 .563 -8.087 4.424 .931 1.075
2 (Constant) 28.230 13.611 2.074 .040 1.267 55.193
KMFRENDP .010 .143 .008 .073 .942 -.272 .293 .449 2.230
KMCONTR .274 .127 .257 2.162 .033 .023 .524 .406 2.461
KMCONSTR -.089 .131 -.088 -.675 .501 -.349 .172 .335 2.981
KMOPERTN .186 .157 .173 1.189 .237 -.124 .496 .271 3.695
KMCONTRL -.082 .116 -.084 -.705 .482 -.312 .148 .401 2.492
KMTECHSF -.059 .094 -.069 -.624 .534 -.245 .128 .469 2.132
KMGLOBAL .028 .120 .027 .232 .817 -.210 .266 .438 2.285
KMRELMAT .261 .133 .229 1.971 .051 -.001 .524 .427 2.341
ITINTEG .192 .101 .205 1.906 .059 -.008 .391 .497 2.011
ITCOLLA -.070 .100 -.087 -.697 .487 -.267 .128 .370 2.701
ITDM -.035 .121 -.036 -.292 .771 -.275 .204 .380 2.635
ITSECUTL .182 .109 .202 1.669 .098 -.034 .398 .392 2.551
Type of 
Company -.257 2.081 -.012 -.123 .902 -4.378 3.865 .605 1.652
Position -.191 2.051 -.009 -.093 .926 -4.254 3.872 .579 1.726
Company
Ownership -5.091 6.214 -.065 -.819 .414 -17.400 7.219 .905 1.105
Working -.650 1.727 -.032 -.376 .708 -4.072 2.773 .795 1.257
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.140 -.046 -.585 .560 -8.055 4.384 .933 1.072
2.154 .033 2.291 54.613ZO.HJZ 13.207
KMCONTR .277 .118 .260 2.340 .021 .042 .511 .461 2.170
KMCONSTR -.088 .130 -.087 -.674 .502 -.346 .170 .339 2.951
KMOPERTN .186 .156 .173 1.194 .235 -.123 .495 .271 3.695
KMCONTRL -.082 .116 -.084 -.706 .482 -.310 .147 .402 2.489
KMTECHSF -.059 .093 -.070 -.639 .524 -.244 .125 .475 2.105
KMGLOBAL .029 .118 .028 .249 .804 -.204 .263 .451 2.219
KMRELMAT .263 .130 .230 2.025 .045 .006 .520 .441 2.268
ITINTEG .192 .100 .206 1.922 .057 -.006 .390 .499 2.004
ITCOLLA -.071 .096 -.089 -.743 .459 -.262 .119 .395 2.530
ITDM -.033 .116 -.034 -.284 .777 -.263 .197 .407 2.455
ITSECUTL .182 .108 .202 1.677 .096 -.033 .397 .392 2.551
Type of 
Company -.274 2.058 -.013 -.133 .894 -4.351 3.803 .613 1.630
Position -.172 2.026 -.008 -.085 .932 -4.186 3.841 .588 1.699
Company
Ownership -5.090 6.187 -.065 -.823 .412 -17.345 7.165 .905 1.105
Working
Experience -.633 1.705 -.031 -.371 .711 -4.011 2.745 .809 1.236
Education Level -1.842 3.125 -.046 -.589 .557 -8.032 4.348 .934 1.071
(Constant) 28.261 12.957 2.181 .031 2.598 53.924
KMCONTR .275 .116 .259 2.367 .020 .045 .505 .473 2.113
KMCONSTR -.089 .129 -.089 -.690 .491 -.344 .166 .343 2.916
KMOPERTN .186 .155 .174 1.202 .232 -.121 .494 .271 3.693
KMCONTRL -.082 .115 -.084 -.709 .480 -.309 .146 .402 2.489
KMTECHSF -.059 .093 -.070 -.639 .524 -.243 .124 .476 2.103
KMGLOBAL .029 .117 .027 .245 .807 -.203 .261 .452 2.210
KMRELMAT .266 .125 .233 2.118 .036 .017 .514 .469 2.134
ITINTEG .193 .099 .206 1.936 .055 -.004 .389 .500 2.000
ITCOLLA -.072 .095 -.090 -.762 .448 -.260 .116 .401 2.493
ITDM -.033 .116 -.034 -.289 .773 -.262 .195 .408 2.450
ITSECUTL .183 .108 .203 1.697 .092 -.030 .396 .395 2.533
Type of 
Company -.366 1.739 -.017 -.211 .834 -3.811 3.079 .851 1.175
Company
Ownership -5.041 6.134 -.065 -.822 .413 -17.190 7.107 .913 1.095
Working
Experience -.674 1.628 -.033 -.414 .679 -3.898 2.549 .881 1.135
Education Level -1.818 3.099 -.045 -.587 .559 -7.956 4.320 .941 1.062
(Constant) 27.236 11.958 2.278 .025 3.553 50.919
KMCONTR .277 .115 .261 2.399 .018 .048 .506 .476 2.101
KMCONSTR -.088 .128 -.088 -.686 .494 -.342 .166 .343 2.913
KMOPERTN .179 .151 .167 1.189 .237 -.119 .478 .285 3.512
KMCONTRL -.082 .115 -.084 -.712 .478 -.309 .145 .402 2.489
KMTECHSF -.057 .091 -.067 -.620 .536 -.238 .124 .483 2.069
KMGLOBAL .030 .117 .029 .257 .798 -.201 .261 .453 2.205
KMRELMAT .271 .123 .237 2.202 .030 .027 .514 .485 2.063
ITINTEG .189 .097 .202 1.937 .055 -.004 .382 .516 1.938
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.094 -.088 -.746 .457 -.256 .116 .406 2.460
.115 -.036 -.308 .759 -.262 .192 .411 2.434
106 .206 1.739 .085 -.026 .396 .400 2.502
Company
Ownership -4.914 6.079 -.063 -.808 .420 -16.953 7.125 .922 1.085
Working
Experience -.718 1.608 -.035 -.447 .656 -3.902 2.465 .895 1.117
Education Level -1.864 3.079 -.047 -.605 .546 -7.961 4.233 .946 1.057
(Constant) 27.340 11.904 2.297 .023 3.767 50.914
KMCONTR .278 .115 .261 2.417 .017 .050 .505 .476 2.100
KMCONSTR -.085 .127 -.085 -.667 .506 -.337 .167 .347 2.885
KMOPERTN .187 .147 .174 1.272 .206 -.104 .478 .297 3.368
KMCONTRL -.081 .114 -.083 -.708 .480 -.307 .145 .402 2.487
KMTECHSF -.053 .090 -.062 -.588 .558 -.231 .125 .497 2.011
KMRELMAT .275 .121 .241 2.272 .025 .035 .515 .495 2.020
ITINTEG .192 .096 .206 2.000 .048 .002 .383 .526 1.901
ITCOLLA -.066 .092 -.083 -.718 .474 -.249 .117 .416 2.403
ITDM -.040 .113 -.041 -.359 .721 -.263 .183 .423 2.363
ITSECUTL .188 .106 .209 1.779 .078 -.021 .397 .404 2.478
Company
Ownership -4.824 6.045 -.062 -.798 .426 -16.794 7.146 .925 1.081
Working
Experience -.666 1.588 -.033 -.419 .676 -3.811 2.479 .910 1.099
Education Level -1.890 3.065 -.047 -.617 .539 -7.959 4.180 .947 1.056
(Constant) 27.157 11.850 2.292 .024 3.694 50.620
KMCONTR .281 .114 .264 2.460 .015 .055 .507 .479 2.088
KMCONSTR -.085 .127 -.085 -.670 .504 -.336 .166 .347 2.885
KMOPERTN .179 .145 .167 1.236 .219 -.108 .466 .304 3.289
KMCONTRL -.078 .113 -.080 -.687 .494 -.302 .147 .404 2.475
KMTECHSF -.052 .089 -.062 -.587 .559 -.230 .125 .497 2.011
KMRELMAT .268 .119 .235 2.252 .026 .032 .504 .509 1.965
ITINTEG .188 .095 .201 1.978 .050 .000 .376 .535 1.871
ITCOLLA -.077 .087 -.096 -.880 .381 -.250 .096 .463 2.161
ITSECUTL .176 .100 .196 1.760 .081 -.022 .375 .445 2.250
Company
Ownership -4.787 6.022 -.061 -.795 .428 -16.710 7.137 .925 1.081
Working
Experience -.601 1.572 -.030 -.383 .703 -3.714 2.512 .922 1.085
Education Level -1.923 3.052 -.048 -.630 .530 -7.967 4.121 .948 1.055
(Constant) 26.725 11.754 2.274 .025 3.454 49.996
KMCONTR .279 .114 .263 2.456 .015 .054 .505 .480 2.085
KMCONSTR -.089 .126 -.089 -.711 .479 -.338 .160 .349 2.861
KMOPERTN .179 .144 .167 1.244 .216 -.106 .465 .304 3.288
KMCONTRL -.073 .112 -.075 -.651 .516 -.296 .149 .409 2.445
KMTECHSF -.049 .089 -.058 -.555 .580 -.225 .126 .502 1.993
KMRELMAT .263 .118 .230 2.230 .028 .029 .496 .516 1.938
ITINTEG .186 .095 .199 1.966 .052 -.001 .373 .537 1.864
ITCOLLA -.076 .087 -.095 -.877 .382 -.249 .096 .463 2.161
ITSECUTL .177 .100 .197 1.772 .079 -.021 .375 .445 2.249
Company -4.949 5.985 -.064 -.827 .410 -16.799 6.901 .930 1.075
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11
12
13
157
.001 -.053 -.704 .483 -8.054 3.831 .973 1.027
709 2.306 .023 3.819 50.183
KMCONTR .266 .111 .250 2.400 .018 .046 .485 .503 1.986
KMCONSTR -.098 .124 -.097 -.783 .435 -.344 .149 .354 2.822
KMOPERTN .163 .141 .152 1.158 .249 -.116 .442 .317 3.150
KMCONTRL -.081 .111 -.084 -.730 .467 -.301 .139 .416 2.406
KMRELMAT .273 .116 .239 2.360 .020 .044 .503 .530 1.885
ITINTEG .179 .094 .192 1.918 .057 -.006 .365 .544 1.837
ITCOLLA -.081 .086 -.102 -.944 .347 -.252 .089 .468 2.136
ITSECUTL .174 .099 .193 1.748 .083 -.023 .371 .446 2.242
Company
Ownership -4.996 5.967 -.064 -.837 .404 -16.810 6.819 .930 1.075
Education Level -2.157 2.992 -.054 -.721 .472 -8.080 3.765 .974 1.027
(Constant) 22.529 9.914 2.273 .025 2.904 42.154
KMCONTR .259 .110 .243 2.351 .020 .041 .477 .507 1.972
KMCONSTR -.087 .123 -.087 -.705 .482 -.331 .157 .359 2.783
KMOPERTN .157 .140 .146 1.118 .266 -.121 .434 .319 3.138
KMCONTRL -.077 .111 -.079 -.695 .488 -.296 .142 .417 2.400
KMRELMAT .274 .116 .240 2.375 .019 .046 .503 .530 1.885
ITINTEG .183 .093 .196 1.960 .052 -.002 .367 .546 1.832
ITCOLLA -.084 .086 -.105 -.972 .333 -.254 .087 .469 2.133
ITSECUTL .173 .099 .192 1.741 .084 -.024 .369 .446 2.241
Company
Ownership -5.017 5.956 -.064 -.842 .401 -16.807 6.773 .930 1.075
(Constant) 22.763 9.887 2.302 .023 3.192 42.333
KMCONTR .247 .109 .233 2.277 .025 .032 .462 .519 1.927
KMCONSTR -.105 .120 -.104 -.870 .386 -.343 .134 .376 2.663
KMOPERTN .123 .131 .115 .937 .351 -.137 .383 .362 2.763
KMRELMAT .270 .115 .236 2.342 .021 .042 .498 .532 1.878
ITINTEG .183 .093 .196 1.967 .051 -.001 .367 .546 1.832
ITCOLLA -.088 .086 -.110 -1.027 .307 -.258 .082 .471 2.122
ITSECUTL .169 .099 .188 1.713 .089 -.026 .365 .447 2.236
Company
Ownership -5.182 5.938 -.067 -.873 .385 -16.937 6.573 .932 1.073
(Constant) 23.770 9.809 2.423 .017 4.355 43.186
KMCONTR .220 .104 .207 2.119 .036 .015 .426 .564 1.772
KMOPERTN .079 .121 .074 .653 .515 -.161 .319 .425 2.355
KMRELMAT .244 .111 .214 2.195 .030 .024 .464 .569 1.757
ITINTEG .186 .093 .199 1.998 .048 .002 .370 .546 1.830
ITCOLLA -.107 .083 -.134 -1.291 .199 -.271 .057 .504 1.986
ITSECUTL .178 .098 .198 1.809 .073 -.017 .372 .452 2.214
Company
Ownership -5.604 5.913 -.072 -.948 .345 -17.307 6.099 .938 1.066
(Constant) 22.897 9.696 2.362 .020 3.708 42.085
KMCONTR .251 .093 .236 2.707 .008 .068 .434 .707 1.414
KMRELMAT .273 .102 .239 2.685 .008 .072 .475 .677 1.477
ITINTEG .179 .092 .191 1.939 .055 -.004 .361 .554 1.805
ITCOLLA -.108 .083 -.135 -1.302 .195 -.271 .056 .504 1.985
ITSECUTL .201 .091 .224 2.205 .029 .021 .382 .521 1.919
Company -4.975 5.820 -.064 -.855 .394 -16.494 6.544 .963 1.038
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15
16
KMRELMAT
ITINTEG
ITCOLLA
ITSECUTL
(Constant)
KMCONTR
KMRELMAT
ITINTEG
ITSECUTL
(Constant)
KMCONTR
KMRELMAT
ITSECUTL
.278
.176
-.118
.206
19.108
.243
.267
.135
.150
21.609
.260
.284
.221
-.092
.101
.092
.082
.091
7.417
.093
.102
.088
.083
7.273
.092
.102
.069
240
244
189
148
229
229
234
144
167
244
249
245
2.361
2.761
2.741
1.917
-1.451
2.259
2.576
2.631
2.626
1.534
1.807
2.971
2.810
2.798
3.190
.020
.007
.007
.058
.149
.026
.011
.010
.010
.128
.073
.004
.006
.006
.002
2.852
.072
.077
-.006
-.280
.025
4.432
.060
.066
-.039
-.014
7.218
.077
.083
.084
32.364
.438
.479
.358
.043
.386
33.784
.426
.468
.308
.314
36.000
.442
.485
.357
.709
.679
.554
.516
.523
.715
.683
.614
.637
.724
.692
.924
158
1.410
1.472
1.804
1.939
1.913
1.399
1.464
1.628
1.571
1.380
1.446
1.083
4.10.2 Regression Analysis on Project Cost
The second regression analysis is performed on PP cost using nine independent 
variables of KM, five independent variables of ITIC and five independent variables of 
demographic background. Detailed results of the regression analysis are presented in 
Table 4.48. Based on Table 4.31, 17 possible models were generated and the multiple 
regression model with superior adjusted r2 is model 15 (adjusted r2 = .188), whereby PP 
cost is said to be a function of KM front end planning, KM Operation, KM Relationship 
and IT Integration. This implies that 18.8% of variation in PP cost can be explained by 
the aforementioned variables. With reference to Table 4.32, all the 17 models do not 
have any multicollinearity problem since the VIF is less than 5. Thus the regression 
equation for predicting PP Time is based on model 15, and is stated as follows:
PP Cost = 18.401+ 0.181(KM Front end Planning) + 0.175(KM Operation) +
0.243(KM Relationship and Material Management) + 0.129(IT Integration)
However, Durbin Watson value of 1.737 which is less than 2 indicates a positive 
serial correlation on the Regression Model. Thus, it indicates that there is some minor 
error in the model specification.
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odel Summary (Dependent Variable PP Cost)
R Square Adjusted R Std. Error of Durbin-
■ IVIUUCI IV (r^) Square (r2) the Estimate Watson
1 .491(a) .241 .120 18.29843
2 .491(b) .241 .128 18.21804
3 .491(c) .241 .135 18.13910
4 .491(d) .241 .143 18.06133
5 .490(e) .240 .149 17.98953
6 .489(f) .239 .156 17.92274
7 .488(g) .238 .161 17.86322
8 .486(h) .236 .166 17.80986
9 .483(i) .234 .170 17.76831
10 .481(j) .231 .175 17.72171
11 .479(k) .229 .179 17.67494
12 .475(l) .225 .182 17.64629
13 .471(m) .222 .185 17.61203
14 .465(n) .216 .185 17.61085
15 .462(o) .213 .188 17.57386
16 .450(p) .202 .184 17.62266
17 .431(q) .186 .173 17.73386 1.737
a Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, 
ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN
b Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
KMFRENDP, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, 
KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN
c Predictors: (Constant), Education Level, Position, Company Ownership, Working Experience, KMFRENDP, Type 
of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, KMPEOPL, 
ITCOLLA, KMCONSTR, KMOPERTN
d Predictors: (Constant), Education Level, Position, Working Experience, KMFRENDP, Type of Company, 
ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, 
KMCONSTR, KMOPERTN
e Predictors: (Constant), Education Level, Position, KMFRENDP, Type of Company, ITINTEG, KMCONTRL, 
KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN 
f  Predictors: (Constant), Education Level, Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, 
KMGLOBAL, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN 
g Predictors: (Constant), Education Level, Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, 
KMGLOBAL, KMCONTR, ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN
h Predictors: (Constant), Education Level, Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, 
KMGLOBAL, ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN
i Predictors: (Constant), Education Level, Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, 
KMGLOBAL, ITSECUTL, ITCOLLA, KMOPERTN
j Predictors: (Constant), Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, KMGLOBAL, 
ITSECUTL, ITCOLLA, KMOPERTN
k Predictors: (Constant), Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, KMGLOBAL, 
ITSECUTL, KMOPERTN
l Predictors: (Constant), Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, KMGLOBAL, 
KMOPERTN
m Predictors: (Constant), Position, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, KMOPERTN 
n Predictors: (Constant), Position, KMFRENDP, ITINTEG, KMRELMAT, KMOPERTN
o Predictors: (Constant), KMFRENDP, ITINTEG, KMRELMAT, KMOPERTN
p Predictors: (Constant), ITINTEG, KMRELMAT, KMOPERTN 
q Predictors: (Constant), KMRELMAT, KMOPERTN 
r Dependent Variable: PPCOST
^PDF
Complete
Click Here to upgrade 
Unlimited Pages and £
Your complimentary 
use period has ended. 
Thanif you for using 
PDF Complete.
160
' PP Cost as the Dependent Variable Using Coefficients 
and Multicollinearity
Model
Unstandardized
Coefficients
Standa
rdized
Coeffi
cients t Sig.
95% Confidence 
Interval for B
Collinearity
Statistics
B
Std.
Error Beta
Lower
Bound
Upper
Bound
Tole
ranc
e VIF
1 (Constant) 11.329 16.152 .701 .485 -20.672 43.329
KMFRENDP .190 .169 .137 1.122 .264 -.145 .525 .448 2.230
KMCONTR .079 .150 .068 .529 .598 -.218 .377 .405 2.470
KMCONSTR .106 .159 .096 .665 .508 -.210 .422 .321 3.118
KMPEOPL -.054 .139 -.054 -.390 .697 -.330 .221 .356 2.808
KMOPERTN .148 .191 .126 .777 .439 -.230 .526 .257 3.896
KMCONTRL -.052 .138 -.049 -.376 .707 -.326 .222 .399 2.508
KMTECHSF .008 .112 .009 .073 .942 -.214 .231 .463 2.160
KMGLOBAL -.085 .143 -.074 -.596 .553 -.369 .199 .433 2.312
KMRELMAT .250 .158 .199 1.587 .115 -.062 .562 .425 2.352
ITINTEG .120 .120 .117 1.004 .317 -.117 .358 .492 2.033
ITCOLLA -.080 .119 -.091 -.677 .500 -.315 .155 .368 2.714
ITDM .003 .144 .003 .023 .982 -.282 .288 .377 2.653
ITSECUTL .140 .132 .142 1.067 .288 -.120 .401 .378 2.648
Type of 
Company 2.082 2.493 .089 .835 .405 -2.857 7.021 .593 1.685
Position -2.049 2.447 -.091 -.837 .404 -6.897 2.800 .572 1.747
Company
Ownership -.642 7.417 -.008 -.087 .931 -15.336 14.053 .894 1.119
Working
Experience -.498 2.092 -.022 -.238 .812 -4.642 3.645 .763 1.310
Education Level 2.241 3.729 .051 .601 .549 -5.146 9.628 .931 1.075
2 (Constant) 11.310 16.061 .704 .483 -20.507 43.128
KMFRENDP .191 .163 .138 1.173 .243 -.131 .513 .481 2.078
KMCONTR .079 .148 .068 .534 .594 -.214 .372 .415 2.409
KMCONSTR .106 .159 .096 .667 .506 -.208 .420 .321 3.116
KMPEOPL -.054 .138 -.053 -.391 .697 -.327 .219 .359 2.789
KMOPERTN .149 .188 .126 .791 .431 -.224 .522 .261 3.826
KMCONTRL -.052 .137 -.049 -.381 .704 -.324 .219 .401 2.493
KMTECHSF .008 .112 .009 .075 .941 -.213 .229 .464 2.154
KMGLOBAL -.086 .139 -.075 -.617 .538 -.362 .190 .453 2.208
KMRELMAT .251 .155 .200 1.612 .110 -.057 .558 .433 2.308
ITINTEG .121 .119 .118 1.019 .310 -.114 .356 .499 2.004
ITCOLLA -.079 .109 -.090 -.726 .470 -.295 .137 .431 2.322
ITSECUTL .141 .125 .143 1.125 .263 -.107 .390 .412 2.429
Type of 
Company 2.085 2.478 .089 .842 .402 -2.823 6.993 .595 1.679
Position -2.048 2.436 -.091 -.841 .402 -6.873 2.778 .573 1.746
Company
Ownership -.639 7.384 -.007 -.087 .931 -15.267 13.988 .894 1.119
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506 2.059 -.023 -.246 .806 -4.584 3.573 .781 1.281
244 3.710 .051 .605 .547 -5.107 9.594 .932 1.073
(Constant) 11.363 15.976 .711 .478 -20.283 43.009
KMFRENDP .190 .161 .137 1.177 .242 -.129 .508 .486 2.056
KMCONTR .081 .144 .070 .565 .573 -.204 .366 .435 2.299
KMCONSTR .107 .157 .097 .679 .498 -.205 .419 .323 3.093
KMPEOPL -.053 .136 -.052 -.386 .700 -.323 .218 .364 2.750
KMOPERTN .151 .185 .128 .817 .416 -.215 .518 .268 3.731
KMCONTRL -.051 .136 -.048 -.377 .707 -.321 .218 .405 2.469
KMGLOBAL -.084 .137 -.073 -.616 .539 -.356 .187 .464 2.154
KMRELMAT .249 .153 .198 1.630 .106 -.054 .551 .446 2.244
ITINTEG .122 .117 .119 1.044 .299 -.109 .354 .509 1.965
ITCOLLA -.079 .108 -.090 -.726 .470 -.294 .136 .432 2.313
ITSECUTL .141 .125 .143 1.131 .260 -.106 .389 .412 2.429
Type of 
Company 2.064 2.451 .088 .842 .401 -2.790 6.919 .603 1.658
Position -2.048 2.425 -.091 -.845 .400 -6.853 2.756 .573 1.746
Company
Ownership -.635 7.351 -.007 -.086 .931 -15.197 13.927 .894 1.119
Working
Experience -.520 2.041 -.023 -.255 .799 -4.562 3.522 .788 1.269
Education Level 2.259 3.688 .051 .612 .541 -5.047 9.565 .935 1.070
(Constant) 10.651 13.628 .782 .436 -16.342 37.644
KMFRENDP .189 .160 .137 1.182 .240 -.128 .507 .486 2.056
KMCONTR .083 .142 .071 .583 .561 -.199 .364 .442 2.263
KMCONSTR .106 .156 .096 .677 .500 -.204 .415 .326 3.070
KMPEOPL -.051 .135 -.051 -.381 .704 -.319 .216 .368 2.716
KMOPERTN .149 .183 .126 .816 .416 -.213 .511 .272 3.673
KMCONTRL -.052 .135 -.049 -.384 .702 -.320 .216 .406 2.463
KMGLOBAL -.085 .136 -.074 -.626 .533 -.355 .185 .466 2.144
KMRELMAT .251 .150 .200 1.673 .097 -.046 .548 .458 2.183
ITINTEG .122 .116 .119 1.046 .298 -.109 .352 .510 1.961
ITCOLLA -.080 .107 -.091 -.743 .459 -.292 .133 .438 2.285
ITSECUTL .142 .124 .144 1.149 .253 -.103 .388 .415 2.409
Type of 
Company 2.068 2.440 .088 .848 .398 -2.765 6.900 .603 1.657
Position -2.027 2.402 -.090 -.844 .401 -6.785 2.731 .579 1.727
Working
Experience -.540 2.019 -.024 -.268 .790 -4.539 3.459 .798 1.253
Education Level 2.262 3.672 .052 .616 .539 -5.011 9.536 .935 1.070
(Constant) 10.534 13.567 .776 .439 -16.335 37.403
KMFRENDP .185 .159 .134 1.165 .247 -.130 .499 .492 2.033
KMCONTR .086 .141 .074 .610 .543 -.193 .365 .445 2.247
KMCONSTR .106 .156 .096 .681 .497 -.202 .414 .326 3.070
KMPEOPL -.058 .132 -.057 -.435 .664 -.320 .205 .379 2.636
KMOPERTN .154 .181 .131 .852 .396 -.204 .513 .275 3.633
KMCONTRL -.047 .134 -.044 -.354 .724 -.312 .217 .412 2.425
KMGLOBAL -.089 .135 -.077 -.655 .514 -.356 .179 .470 2.126
KMRELMAT .245 .148 .196 1.659 .100 -.048 .538 .466 2.144
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121 .116 .118 1.043 .299 -.109 .350 .510 1.960
)79 .107 -.090 -.739 .462 -.291 .133 .438 2.284
J.J. J. -----rl44 .123 .146 1.170 .244 -.100 .388 .416 2.402
Type of 
Company 2.107 2.426 .090 .869 .387 -2.697 6.911 .606 1.651
Position -2.202 2.302 -.097 -.957 .341 -6.761 2.357 .625 1.599
Education Level 2.090 3.601 .048 .580 .563 -5.042 9.221 .964 1.037
(Constant) 10.309 13.502 .763 .447 -16.429 37.046
KMFRENDP .185 .158 .134 1.172 .244 -.128 .499 .492 2.033
KMCONTR .079 .139 .068 .569 .570 -.196 .355 .454 2.204
KMCONSTR .096 .152 .087 .630 .530 -.206 .398 .337 2.971
KMPEOPL -.060 .132 -.060 -.459 .647 -.321 .200 .381 2.626
KMOPERTN .134 .172 .114 .783 .435 -.205 .474 .304 3.289
KMGLOBAL -.090 .135 -.079 -.672 .503 -.357 .176 .471 2.123
KMRELMAT .244 .147 .195 1.656 .100 -.048 .536 .467 2.143
ITINTEG .121 .115 .118 1.047 .297 -.108 .349 .510 1.960
ITCOLLA -.082 .106 -.093 -.770 .443 -.292 .129 .440 2.271
ITSECUTL .143 .123 .145 1.167 .246 -.100 .386 .417 2.401
Type of 
Company 2.120 2.416 .090 .877 .382 -2.666 6.905 .606 1.651
Position -2.169 2.291 -.096 -.946 .346 -6.707 2.369 .626 1.596
Education Level 2.151 3.583 .049 .600 .549 -4.945 9.247 .967 1.034
(Constant) 10.917 13.392 .815 .417 -15.600 37.435
KMFRENDP .184 .158 .133 1.168 .245 -.128 .496 .492 2.032
KMCONTR .074 .138 .063 .533 .595 -.200 .347 .457 2.188
KMCONSTR .080 .148 .073 .541 .590 -.213 .373 .355 2.813
KMOPERTN .113 .165 .096 .686 .494 -.213 .439 .329 3.042
KMGLOBAL -.098 .133 -.085 -.738 .462 -.362 .165 .479 2.089
KMRELMAT .237 .146 .189 1.621 .108 -.052 .526 .472 2.117
ITINTEG .125 .115 .122 1.092 .277 -.102 .352 .514 1.947
ITCOLLA -.079 .106 -.090 -.750 .455 -.289 .130 .441 2.266
ITSECUTL .130 .119 .132 1.093 .277 -.105 .365 .441 2.266
Type of 
Company 1.976 2.388 .084 .827 .410 -2.753 6.704 .616 1.623
Position -2.109 2.280 -.093 -.925 .357 -6.624 2.406 .628 1.591
Education Level 2.175 3.571 .050 .609 .544 -4.896 9.245 .967 1.034
(Constant) 11.517 13.305 .866 .388 -14.826 37.860
KMFRENDP .210 .150 .152 1.401 .164 -.087 .506 .543 1.843
KMCONSTR .095 .145 .087 .660 .510 -.191 .382 .370 2.705
KMOPERTN .135 .159 .114 .849 .397 -.180 .449 .351 2.851
KMGLOBAL -.097 .133 -.085 -.733 .465 -.360 .165 .479 2.089
KMRELMAT .240 .145 .192 1.654 .101 -.047 .528 .474 2.112
ITINTEG .131 .114 .128 1.156 .250 -.094 .356 .519 1.926
ITCOLLA -.079 .105 -.090 -.746 .457 -.287 .130 .441 2.266
ITSECUTL .118 .116 .120 1.014 .313 -.112 .348 .457 2.187
Type of 
Company 1.805 2.359 .077 .765 .446 -2.867 6.477 .627 1.594
Position -1.986 2.262 -.088 -.878 .382 -6.465 2.492 .635 1.575
Education Level 2.349 3.545 .054 .663 .509 -4.671 9.368 .975 1.026
(Constant) 11.507 13.274 .867 .388 -14.772 37.787
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10
11
12
13
14
126 .147 .164 1.536 .127 -.065 .518 .558 1.792
180 .143 .152 1.253 .213 -.104 .463 .429 2.333
.387 .131 -.076 -.661 .510 -.347 .173 .486 2.060
KMRELMAT .261 .142 .208 1.838 .069 -.020 .541 .495 2.018
ITINTEG .129 .113 .126 1.141 .256 -.095 .354 .520 1.925
ITCOLLA -.062 .102 -.070 -.606 .546 -.264 .140 .469 2.134
ITSECUTL .106 .115 .107 .924 .357 -.121 .333 .469 2.133
Type of 
Company 1.612 2.336 .069 .690 .491 -3.012 6.237 .637 1.569
Position -1.813 2.241 -.080 -.809 .420 -6.250 2.624 .644 1.554
Education Level 2.114 3.519 .048 .601 .549 -4.853 9.082 .985 1.015
(Constant) 15.818 11.138 1.420 .158 -6.231 37.867
KMFRENDP .227 .147 .164 1.543 .125 -.064 .517 .558 1.792
KMOPERTN .180 .143 .153 1.262 .209 -.103 .463 .429 2.333
KMGLOBAL -.088 .131 -.076 -.669 .505 -.347 .172 .486 2.059
KMRELMAT .258 .141 .206 1.827 .070 -.022 .538 .496 2.017
ITINTEG .126 .113 .123 1.115 .267 -.098 .349 .521 1.920
ITCOLLA -.060 .102 -.069 -.593 .554 -.262 .141 .469 2.132
ITSECUTL .107 .114 .109 .937 .351 -.119 .334 .469 2.133
Type of 
Company 1.751 2.318 .075 .755 .452 -2.839 6.340 .643 1.554
Position -1.872 2.233 -.083 -.838 .404 -6.293 2.549 .645 1.551
(Constant) 15.894 11.108 1.431 .155 -6.093 37.882
KMFRENDP .240 .145 .174 1.660 .099 -.046 .526 .572 1.748
KMOPERTN .178 .143 .151 1.251 .213 -.104 .460 .429 2.331
KMGLOBAL -.100 .129 -.087 -.777 .439 -.355 .155 .498 2.006
KMRELMAT .250 .140 .199 1.783 .077 -.028 .528 .501 1.998
ITINTEG .105 .107 .102 .980 .329 -.107 .316 .579 1.728
ITSECUTL .082 .106 .083 .773 .441 -.128 .291 .545 1.835
Type of 
Company 2.054 2.256 .088 .910 .364 -2.411 6.518 .676 1.479
Position -2.115 2.190 -.094 -.966 .336 -6.449 2.220 .667 1.499
(Constant) 17.817 10.809 1.648 .102 -3.576 39.211
KMFRENDP .234 .144 .170 1.625 .107 -.051 .520 .574 1.743
KMOPERTN .212 .135 .180 1.564 .120 -.056 .480 .473 2.114
KMGLOBAL -.092 .128 -.080 -.718 .474 -.346 .162 .502 1.993
KMRELMAT .238 .139 .189 1.708 .090 -.038 .513 .507 1.971
ITINTEG .147 .091 .144 1.617 .108 -.033 .328 .791 1.264
Type of 
Company 1.929 2.246 .082 .859 .392 -2.517 6.375 .680 1.471
Position -2.221 2.182 -.098 -1.018 .311 -6.540 2.097 .670 1.493
(Constant) 17.163 10.749 1.597 .113 -4.111 38.437
KMFRENDP .221 .143 .160 1.548 .124 -.062 .503 .584 1.713
KMOPERTN .173 .124 .146 1.396 .165 -.072 .417 .565 1.768
KMRELMAT .227 .138 .181 1.644 .103 -.046 .500 .513 1.949
ITINTEG .128 .087 .125 1.473 .143 -.044 .300 .867 1.153
Type of 
Company 2.193 2.212 .094 .992 .323 -2.184 6.570 .698 1.432
Position -2.387 2.165 -.106 -1.103 .272 -6.673 1.898 .677 1.476
(Constant) 21.023 10.019 2.098 .038 1.197 40.850
KMFRENDP .198 .141 .143 1.407 .162 -.081 .477 .599 1.670
KMOPERTN .181 .123 .154 1.471 .144 -.063 .426 .568 1.759
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15
16
17
m
(Constant)
KMFRENDP
KMOPERTN
KMRELMAT
ITINTEG
(Constant)
KMOPERTN
KMRELMAT
ITINTEG
(Constant)
KMOPERTN
KMRELMAT
[31
259
18.401
.181
.175
.243
.129
24.004
.217
.304
.140
30.008
.250
.336
.138
.087
1.842
9.235
.138
.123
.134
.087
8.205
.119
.126
.086
7.369
.118
.125
177
127
056
131
148
194
126
184
243
137
212
268
1.605
1.504
-.683
1.993
1.308
1.425
1.812
1.489
2.926
1.830
2.417
1.623
4.072
2.127
2.687
.111
.135
.496
.048
.193
.156
.072
.139
.004
.070
.017
.107
.000
.035
.008
-.052
-.041
-4.904
.126
-.093
-.068
-.022
-.042
7.769
-.018
.055
-.031
15.428
.017
.089
.494
.303
2.386
36.675
.455
.418
.508
.301
40.238
.452
.553
.311
44.588
.483
.584
.514
.868
.936
.619
.572
.542
.869
.615
.618
.877
.633
.633
1.946
152
068
616
749
845
151
627
619
140
579
1.579
4.10.3 Regression Analysis on Project Quality
The third regression analysis is performed on PP quality using nine independent 
variables of KM, five independent variables of ITIC and five independent variables of 
demographic background. Detailed results of the regression analysis are presented in 
Table 4.33.
Based on Table 4.33, 15 possible models were generated and the multiple 
regression model with superior adjusted r2 is model 13 (adjusted r2 = .382), whereby PP 
quality is said to be a function of KM front end planning, KM Technology and Safety, 
KM Relationship and Material Management, PM People, IT Security and Utility and IT 
Collaboration. This implies that 41.1% of variation in PP quality can be explained by the 
aforementioned variables.
With reference to Table 4.34, all the 15 models do not have any multicollinearity 
problem since the VIF is less than 5. Thus the regression equation for predicting PP 
Time is based on model 13, and is stated as follows:
1
1
1
1
1
1
1
1
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M Front end Planning) + 0.105(KM People) + 0.176(KM 
_5(KM Relationship and material Management) |o. 0.089(IT
Collaboration) + 0.201(IT Security and Utility)
However, Durbin Watson value of 1.929 which is less than 2 indicates a positive 
serial correlation on Project Time. Thus, it indicates that there is some minor error in the 
model specification.
Table 4.33: Model Summary (Dependent Variable PP Quality)
Model R R Square
Adjusted R 
Square
Std. Error of 
the Estimate
Durbin-
Watson
1 .652(a) .425 .334 14.87561
2 .652(b) .425 .339 14.81031
3 .652(c) .425 .345 14.74587
4 .652(d) .425 .351 14.68250
5 .652(e) .425 .356 14.62354
6 .651(f) .424 .361 14.56573
7 .651(g) .424 .366 14.51290
8 .650(h) .423 .370 14.46220
9 .650(i) .422 .374 14.41342
10 .648(j) .420 .378 14.37509
11 .646(k) .418 .380 14.34887
12 .644(l) .414 .381 14.33453
13 .641(m) .411 .382 14.32173
14 .636(n) .404 .381 14.33760
15 .630(o) .397 .378 14.36642 1.929
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xeaiciors: (L.onsranij, £,aucarion Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, 
ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN
b Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, 
KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN
c Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, ITINTEG, KMRELMAT, KMCONTR, ITSECUTL, KMPEOPL, 
ITCOLLA, KMCONSTR, KMOPERTN
d Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, KMRELMAT, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, 
KMCONSTR, KMOPERTN
e Predictors: (Constant), Education Level, KMTECHSF, Position, Working Experience, ITDM, KMFRENDP, Type 
of Company, KMRELMAT, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN 
f  Predictors: (Constant), Education Level, KMTECHSF, Working Experience, ITDM, KMFRENDP, Type of 
Company, KMRELMAT, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN 
g Predictors: (Constant), Education Level, KMTECHSF, Working Experience, ITDM, KMFRENDP, Type of 
Company, KMRELMAT, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMOPERTN 
h Predictors: (Constant), Education Level, KMTECHSF, ITDM, KMFRENDP, Type of Company, KMRELMAT, 
KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMOPERTN
i Predictors: (Constant), Education Level, KMTECHSF, KMFRENDP, Type of Company, KMRELMAT, 
KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMOPERTN
j Predictors: (Constant), Education Level, KMTECHSF, KMFRENDP, Type of Company, KMRELMAT, 
KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA
k Predictors: (Constant), Education Level, KMTECHSF, KMFRENDP, Type of Company, KMRELMAT, 
ITSECUTL, KMPEOPL, ITCOLLA
l Predictors: (Constant), KMTECHSF, KMFRENDP, Type of Company, KMRELMAT, ITSECUTL, KMPEOPL, 
ITCOLLA
m Predictors: (Constant), KMTECHSF, KMFRENDP, KMRELMAT, ITSECUTL, KMPEOPL, ITCOLLA
n Predictors: (Constant), KMTECHSF, KMFRENDP, KMRELMAT, ITSECUTL, ITCOLLA
o Predictors: (Constant), KMTECHSF, KMFRENDP, KMRELMAT, ITSECUTL 
p Dependent Variable: PPQUALIT
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uality as the Dependent Variable Using Coefficients
Mod
el
Unstandardized
Coefficients
Standar
dized
Coeffic
ients t Sig.
95% Confidence 
Interval for B
Collinearity
Statistics
B
Std.
Error Beta
Lower
Bound
Upper
Bound
Toler
ance VIF
1 (Constant) 8.558 13.131 .652 .516 -17.456 34.573
KMFRENDP .088 .138 .068 .637 .526 -.185 .360 .448 2.230
KM CONTR .074 .122 .068 .606 .546 -.168 .316 .405 2.470
KMCONSTR .054 .130 .052 .413 .680 -.203 .310 .321 3.118
KMPEOPL .065 .113 .069 .579 .564 -.159 .289 .356 2.808
KMOPERTN .074 .155 .067 .479 .633 -.233 .381 .257 3.896
KMCONTRL -.004 .112 -.004 -.038 .970 -.227 .218 .399 2.508
KMTECHSF .128 .091 .147 1.403 .163 -.053 .309 .463 2.160
KMGLOBAL .004 .117 .004 .038 .970 -.226 .235 .433 2.312
KMRELMAT .274 .128 .234 2.140 .035 .020 .528 .425 2.352
ITINTEG .006 .098 .007 .065 .948 -.187 .199 .492 2.033
ITCOLLA -.118 .096 -.144 -1.226 .223 -.309 .073 .368 2.714
ITDM .056 .117 .056 .480 .632 -.176 .288 .377 2.653
ITSECUTL .190 .107 .206 1.778 .078 -.022 .402 .378 2.648
Type o f  Company -1.455 2.027 -.066 -.718 .474 -5.470 2.560 .593 1.685
Position -.555 1.989 -.026 -.279 .781 -4.497 3.386 .572 1.747
Company
Ownership -1.501 6.030 -.019 -.249 .804 -13.447 10.444 .894 1.119
Working
Experience .772 1.700 .037 .454 .650 -2.596 4.141 .763 1.310
Education Level 2.185 3.031 .053 .721 .472 -3.820 8.191 .931 1.075
2 (Constant) 8.554 13.073 .654 .514 -17.343 34.451
KMFRENDP .087 .137 .068 .639 .524 -.184 .358 .449 2.227
KM CONTR .074 .121 .068 .608 .544 -.166 .314 .408 2.449
KMCONSTR .053 .127 .051 .414 .679 -.200 .305 .329 3.038
KMPEOPL .065 .112 .069 .580 .563 -.157 .287 .358 2.790
KMOPERTN .073 .149 .066 .489 .626 -.222 .367 .277 3.615
KMTECHSF .128 .090 .147 1.412 .161 -.051 .307 .468 2.138
KMGLOBAL .004 .116 .004 .038 .970 -.225 .234 .433 2.311
KMRELMAT .274 .127 .234 2.153 .033 .022 .526 .428 2.338
ITINTEG .006 .097 .007 .065 .948 -.186 .199 .492 2.033
ITCOLLA -.118 .096 -.144 -1.238 .218 -.308 .071 .371 2.696
ITDM .056 .116 .056 .486 .628 -.173 .286 .379 2.637
ITSECUTL .190 .106 .206 1.785 .077 -.021 .401 .378 2.643
Type o f  Company -1.455 2.018 -.066 -.721 .472 -5.452 2.542 .593 1.685
Position -.555 1.981 -.026 -.280 .780 -4.479 3.368 .573 1.747
Company
Ownership -1.513 5.996 -.019 -.252 .801 -13.390 10.364 .896 1.116
Working
Experience .781 1.679 .037 .465 .643 -2.544 4.106 .776 1.288
Education Level 2.188 3.017 .053 .725 .470 -3.788 8.165 .931 1.074
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3.016 .657 .512 -17.227 34.336
.134 .068 .657 .512 -.178 .354 .462 2.162
.067 .610 .543 -.165 .312 .409 2.442.121
KMCONSTR .053 .127 .052 .418 .676 -.198 .304 .330 3.032
KMPEOPL .066 .111 .069 .591 .556 -.154 .286 .363 2.757
KMOPERTN .074 .145 .067 .507 .613 -.214 .362 .286 3.490
KMTECHSF .128 .089 .147 1.445 .151 -.048 .304 .481 2.080
KMRELMAT .274 .126 .234 2.178 .031 .025 .524 .432 2.314
ITINTEG .007 .096 .007 .072 .943 -.183 .196 .502 1.991
ITCOLLA -.118 .094 -.144 -1.258 .211 -.303 .068 .384 2.608
ITDM .055 .113 .055 .491 .624 -.168 .279 .397 2.517
ITSECUTL .190 .106 .206 1.800 .074 -.019 .400 .380 2.630
Type o f  Company -1.460 2.004 -.067 -.728 .468 -5.430 2.510 .596 1.678
Position -.552 1.969 -.026 -.280 .780 -4.453 3.350 .574 1.742
Company
Ownership -1.497 5.955 -.019 -.251 .802 -13.293 10.299 .900 1.111
Working
Experience .784 1.668 .038 .470 .639 -2.520 4.089 .779 1.284
Education Level 2.187 3.003 .053 .728 .468 -3.762 8.136 .931 1.074
(Constant) 8.599 12.945 .664 .508 -17.041 34.239
KMFRENDP .089 .133 .069 .669 .505 -.175 .353 .466 2.147
KM CONTR .074 .119 .068 .621 .536 -.162 .311 .413 2.422
KMCONSTR .053 .126 .051 .418 .677 -.197 .302 .330 3.029
KMPEOPL .065 .110 .069 .589 .557 -.153 .283 .366 2.734
KMOPERTN .072 .144 .066 .504 .615 -.212 .357 .292 3.426
KMTECHSF .129 .087 .148 1.482 .141 -.043 .302 .494 2.025
KMRELMAT .275 .125 .235 2.209 .029 .029 .522 .438 2.284
ITCOLLA -.116 .090 -.142 -1.286 .201 -.295 .063 .409 2.443
ITDM .056 .112 .056 .502 .616 -.165 .278 .401 2.495
ITSECUTL .193 .100 .209 1.926 .057 -.006 .391 .421 2.376
Type o f  Company -1.434 1.962 -.066 -.731 .467 -5.320 2.453 .616 1.622
Position -.559 1.958 -.027 -.286 .776 -4.438 3.319 .576 1.737
Company
Ownership -1.477 5.923 -.018 -.249 .804 -13.207 10.254 .902 1.108
Working
Experience .792 1.658 .038 .478 .634 -2.491 4.076 .782 1.278
Education Level 2.170 2.981 .053 .728 .468 -3.735 8.074 .937 1.067
(Constant) 6.918 11.006 .629 .531 -14.879 28.715
KMFRENDP .088 .133 .069 .667 .506 -.174 .351 .466 2.146
KM CONTR .078 .118 .071 .657 .512 -.156 .312 .418 2.389
KMCONSTR .050 .125 .048 .398 .692 -.198 .297 .333 3.001
KMPEOPL .068 .109 .072 .622 .535 -.148 .284 .370 2.703
KMOPERTN .067 .141 .061 .474 .636 -.213 .347 .298 3.351
KMTECHSF .129 .087 .148 1.481 .141 -.043 .300 .494 2.023
KMRELMAT .280 .123 .239 2.280 .024 .037 .523 .448 2.235
ITCOLLA -.119 .089 -.145 -1.336 .184 -.295 .057 .417 2.400
ITDM .056 .111 .056 .505 .615 -.165 .277 .401 2.495
ITSECUTL .194 .099 .211 1.957 .053 -.002 .391 .423 2.364
Type o f  Company -1.427 1.954 -.065 -.730 .467 -5.297 2.443 .617 1.622
Position -.509 1.940 -.024 -.262 .793 -4.351 3.333 .582 1.718
4
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1.640 .036 .454 .651 -2.504 3.992 .793 1.261
-< ■ . 2.969 .053 .735 .464 -3.696 8.062 .938 1.067
.610 .543 -14.964 28.2740.033 i0.917
KMFRENDP .084 .131 .065 .641 .523 -.175 .343 .474 2.110
KM CONTR .074 .117 .068 .633 .528 -.158 .305 .425 2.355
KMCONSTR .046 .124 .045 .372 .711 -.199 .291 .338 2.963
KMPEOPL .070 .108 .074 .650 .517 -.144 .285 .373 2.681
KMOPERTN .067 .141 .061 .475 .636 -.212 .346 .298 3.351
KMTECHSF .129 .086 .148 1.489 .139 -.043 .300 .494 2.023
KMRELMAT .288 .119 .246 2.427 .017 .053 .523 .476 2.101
ITCOLLA -.122 .088 -.149 -1.388 .168 -.296 .052 .424 2.359
ITDM .056 .111 .056 .506 .614 -.164 .276 .401 2.495
ITSECUTL .196 .099 .213 1.989 .049 .001 .392 .425 2.352
Type o f  Company -1.706 1.632 -.078 -1.045 .298 -4.938 1.526 .877 1.140
Working
Experience .626 1.571 .030 .399 .691 -2.485 3.737 .857 1.166
Education Level 2.249 2.946 .055 .763 .447 -3.585 8.084 .944 1.059
(Constant) 6.688 10.877 .615 .540 -14.849 28.226
KMFRENDP .090 .129 .070 .700 .485 -.166 .347 .483 2.072
KM CONTR .080 .115 .073 .694 .489 -.148 .308 .433 2.308
KMPEOPL .079 .105 .084 .754 .452 -.129 .287 .392 2.550
KMOPERTN .081 .135 .073 .595 .553 -.188 .349 .320 3.121
KMTECHSF .132 .086 .152 1.547 .125 -.037 .302 .501 1.996
KMRELMAT .295 .116 .252 2.534 .013 .064 .526 .490 2.042
ITCOLLA -.114 .085 -.138 -1.342 .182 -.281 .054 .455 2.198
ITDM .054 .110 .054 .488 .627 -.165 .273 .402 2.488
ITSECUTL .190 .097 .206 1.961 .052 -.002 .382 .438 2.285
Type o f  Company -1.746 1.623 -.080 -1.076 .284 -4.960 1.467 .881 1.135
Working
Experience .632 1.565 .030 .404 .687 -2.467 3.731 .857 1.166
Education Level 2.123 2.916 .052 .728 .468 -3.651 7.896 .957 1.045
(Constant) 6.958 10.819 .643 .521 -14.463 28.378
KMFRENDP .101 .126 .078 .796 .427 -.150 .351 .502 1.994
KM CONTR .077 .115 .071 .672 .503 -.150 .304 .435 2.299
KMPEOPL .087 .103 .092 .840 .402 -.118 .291 .405 2.472
KMOPERTN .075 .134 .068 .557 .579 -.191 .340 .324 3.085
KMTECHSF .129 .085 .149 1.523 .130 -.039 .298 .505 1.982
KMRELMAT .299 .116 .255 2.585 .011 .070 .528 .493 2.028
ITCOLLA -.110 .084 -.134 -1.311 .192 -.276 .056 .460 2.172
ITDM .047 .109 .046 .430 .668 -.168 .262 .412 2.424
ITSECUTL .190 .097 .206 1.965 .052 -.001 .381 .438 2.285
Type o f  Company -1.669 1.606 -.076 -1.040 .301 -4.849 1.510 .893 1.120
Education Level 2.319 2.865 .057 .809 .420 -3.354 7.991 .985 1.016
(Constant) 6.641 10.757 .617 .538 -14.656 27.938
KMFRENDP .112 .123 .087 .913 .363 -.131 .356 .526 1.902
KM CONTR .069 .113 .064 .614 .540 -.154 .293 .446 2.244
KMPEOPL .087 .103 .092 .847 .399 -.116 .291 .405 2.472
KMOPERTN .079 .133 .072 .593 .554 -.185 .343 .326 3.067
KMTECHSF .131 .085 .150 1.542 .126 -.037 .298 .505 1.980
KMRELMAT .305 .115 .260 2.659 .009 .078 .531 .499 2.003
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.077 -.117 -1.245 .216 -.249 .057 .541 1.850
( ' .090 .222 2.259 .026 .025 .383 .497 2.014
-i.Dys 1.592 -.073 -1.004 .317 -4.750 1.553 .903 1.108
Education Level 2.333 2.855 .057 .817 .415 -3.320 7.986 .985 1.016
(Constant) 6.004 10.675 .562 .575 -15.129 27.137
KMFRENDP .117 .122 .091 .959 .340 -.125 .360 .528 1.893
KM CONTR .082 .111 .075 .743 .459 -.137 .301 .462 2.163
KMPEOPL .109 .096 .115 1.142 .256 -.080 .298 .466 2.148
KMTECHSF .144 .081 .165 1.769 .079 -.017 .305 .544 1.839
KMRELMAT .323 .110 .276 2.931 .004 .105 .541 .537 1.861
ITCOLLA -.098 .077 -.120 -1.279 .203 -.250 .054 .542 1.846
ITSECUTL .214 .089 .232 2.412 .017 .038 .389 .513 1.948
Type o f  Company -1.459 1.570 -.067 -.929 .355 -4.567 1.650 .923 1.084
Education Level 2.336 2.848 .057 .820 .414 -3.302 7.973 .985 1.016
(Constant) 6.620 10.624 .623 .534 -14.409 27.649
KMFRENDP .154 .112 .119 1.375 .172 -.068 .375 .630 1.587
KMPEOPL .121 .094 .128 1.284 .202 -.065 .307 .479 2.090
KMTECHSF .164 .076 .189 2.150 .034 .013 .316 .614 1.630
KMRELMAT .335 .109 .286 3.084 .003 .120 .550 .550 1.818
ITCOLLA -.094 .076 -.115 -1.234 .220 -.246 .057 .544 1.837
ITSECUTL .200 .087 .217 2.312 .022 .029 .371 .537 1.862
Type o f  Company -1.498 1.566 -.068 -.957 .341 -4.599 1.602 .924 1.082
Education Level 2.461 2.838 .060 .867 .387 -3.156 8.078 .988 1.012
(Constant) 11.483 9.014 1.274 .205 -6.358 29.325
KMFRENDP .153 .112 .118 1.366 .174 -.069 .374 .630 1.587
KMPEOPL .118 .094 .125 1.259 .211 -.068 .304 .479 2.087
KMTECHSF .167 .076 .191 2.184 .031 .016 .318 .614 1.628
KMRELMAT .334 .109 .285 3.075 .003 .119 .549 .550 1.818
ITCOLLA -.095 .076 -.116 -1.243 .216 -.246 .056 .544 1.837
ITSECUTL .201 .086 .218 2.325 .022 .030 .372 .537 1.862
Type o f  Company -1.373 1.558 -.063 -.881 .380 -4.458 1.711 .932 1.073
(Constant) 7.183 7.573 .949 .345 -7.804 22.170
KMFRENDP .155 .112 .120 1.388 .168 -.066 .376 .630 1.586
KMPEOPL .105 .093 .111 1.131 .260 -.079 .288 .492 2.032
KMTECHSF .176 .076 .202 2.322 .022 .026 .325 .625 1.599
KMRELMAT .346 .108 .295 3.217 .002 .133 .559 .559 1.788
ITCOLLA -.089 .076 -.109 -1.173 .243 -.240 .061 .548 1.824
ITSECUTL .201 .086 .218 2.326 .022 .030 .372 .537 1.862
(Constant) 6.092 7.519 .810 .419 -8.788 20.973
KMFRENDP .177 .110 .137 1.606 .111 -.041 .395 .650 1.539
KMTECHSF .204 .071 .235 2.871 .005 .064 .345 .706 1.416
KMRELMAT .387 .102 .330 3.807 .000 .186 .587 .629 1.590
ITCOLLA -.093 .076 -.114 -1.229 .221 -.244 .057 .550 1.819
ITSECUTL .226 .084 .245 2.701 .008 .060 .391 .574 1.741
(Constant) 6.202 7.534 .823 .412 -8.707 21.110
KMFRENDP .186 .110 .144 1.689 .094 -.032 .404 .653 1.532
KMTECHSF .185 .070 .212 2.656 .009 .047 .322 .744 1.344
KMRELMAT .369 .101 .315 3.662 .000 .170 .568 .642 1.557
ITSECUTL .170 .071 .185 2.415 .017 .031 .310 .810 1.235
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The fourth regression analysis is performed on PP scope using nine independent 
variables of KM, five independent variables of ITIC and five variables of demographic 
background. Detailed results of the regression analysis are presented in Table 4.35.
Based on Table 4.35, 15 possible models were generated and the multiple 
regression model with superior adjusted r2 is model 9 (adjusted r2 = .384), whereby PP 
scope is said to be a function of position of the practitioners, IT Integration, KM Front 
end Planning, IT Data Management, KM Relationship and Material Management, KM 
Resource and Standard, IT Security and Utility, IT Collaboration and KM Operation. 
This implies that 38.4% of variation in PP scope can be explained by the aforementioned 
variables.
Furthermore, based on Table 4.36, all the 15 models do not have any 
multicollinearity problem since the VIF is less than 5. Thus the regression equation for 
predicting PP Time is based on model 9, and is stated as follows:
PP Scope = 4.843 + 0.248(KM Front end Planning) + 0.267(KM Operation) +
0.110(KM Resource & Standard) + 0.122(KM Relationship and material 
Management) -  0.149(IT Integration) - 0.132(IT Collaboration) -  0.138(IT Data 
Management) + 0.252(IT Security and Utility) -  1.706(Position of respondent) + 
4.032(Education Level of respondent)
Moreover, Durbin Watson value of 2.017 which is more than 2 does not indicates 
a positive serial correlation on the regression model. Thus, it indicates that there is no 
model misspecification on the proposed model.
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xauic iv±uucl Summary (Dependent Variable PP Scope)
Model R R Square
Adjusted R 
Square
Std. Error of 
the Estimate
Durbin-
Watson
1 .662(a) .438 .349 14.24084
2 .662(b) .438 .354 14.17990
3 .662(c) .438 .360 14.12001
4 .662(d) .438 .365 14.06263
5 .661(e) .437 .370 14.00642
6 .661(f) .437 .375 13.95198
7 .661(g) .436 .380 13.89982
8 .659(h) .435 .383 13.86507
9 .657(i) .431 .384 13.84517
10 .653(j) .426 .384 13.85117
11 .648(k) .420 .382 13.86877
12 .641(l) .410 .377 13.92901
13 .633(m) .400 .371 13.99081
14 .625(n) .391 .367 14.04209
15 .616(o) .379 .360 14.11985 2.017
a Predictors: (Constant), Education Level, KMTECHSF, Position, Company Ownership, Working Experience, 
ITDM, KMFRENDP, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, 
ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN
b Predictors: (Constant), Education Level, Position, Company Ownership, Working Experience, ITDM, 
KMFRENDP, Type of Company, ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, 
KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN
c Predictors: (Constant), Education Level, Position, Working Experience, ITDM, KMFRENDP, Type of Company, 
ITINTEG, KMCONTRL, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, 
KMCONSTR, KMOPERTN
d Predictors: (Constant), Education Level, Position, Working Experience, ITDM, KMFRENDP, Type of Company, 
ITINTEG, KMRELMAT, KMGLOBAL, KMCONTR, ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, 
KMOPERTN
e Predictors: (Constant), Education Level, Position, Working Experience, ITDM, KMFRENDP, Type of Company, 
ITINTEG, KMRELMAT, KMGLOBAL, ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN 
f  Predictors: (Constant), Education Level, Position, Working Experience, ITDM, KMFRENDP, ITINTEG, 
KMRELMAT, KMGLOBAL, ITSECUTL, KMPEOPL, ITCOLLA, KMCONSTR, KMOPERTN 
g Predictors: (Constant), Education Level, Position, Working Experience, ITDM, KMFRENDP, ITINTEG, 
KMRELMAT, KMGLOBAL, ITSECUTL, ITCOLLA, KMCONSTR, KMOPERTN 
h Predictors: (Constant), Education Level, Position, Working Experience, ITDM, KMFRENDP, ITINTEG, 
KMRELMAT, KMGLOBAL, ITSECUTL, ITCOLLA, KMOPERTN
i Predictors: (Constant), Education Level, Position, ITDM, KMFRENDP, ITINTEG, KMRELMAT, 
KMGLOBAL, ITSECUTL, ITCOLLA, KMOPERTN
j Predictors: (Constant), Education Level, Position, ITDM, KMFRENDP, ITINTEG, KMRELMAT, ITSECUTL, 
ITCOLLA, KMOPERTN
k Predictors: (Constant), Education Level, ITDM, KMFRENDP, ITINTEG, KMRELMAT, ITSECUTL, ITCOLLA, 
KMOPERTN
l Predictors: (Constant), ITDM, KMFRENDP, ITINTEG, KMRELMAT, ITSECUTL, ITCOLLA, KMOPERTN 
m Predictors: (Constant), ITDM, KMFRENDP, ITINTEG, KMRELMAT, ITSECUTL, KMOPERTN 
n Predictors: (Constant), ITDM, KMFRENDP, ITINTEG, ITSECUTL, KMOPERTN 
o Predictors: (Constant), ITDM, KMFRENDP, ITSECUTL, KMOPERTN 
p Dependent Variable: PPSCOPE
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P Scope as the Dependent Variable Using Coefficients 
and Multicollinearity
Mod
el
Unstandardized
Coefficients
Standa
rdized
Coeffi
cients t Sig.
95% Confidence 
Interval for B
Collinearity
Statistics
B Std. Error Beta
Lower
Bound
Upper
Bound
Tole
ranc
e VIF
1 (Constant) 3.219 12.570 .256 .798 21.685 28.123
KMFRENDP .221 .132 .176 1.676 .096 -.040 .481 .448 2.230
KMCONTR .030 .117 .028 .257 .798 -.202 .262 .405 2.470
KMCONSTR .063 .124 .063 .509 .612 -.183 .309 .321 3.118
KMPEOPL .030 .108 .033 .278 .781 -.184 .245 .356 2.808
KMOPERTN .224 .148 .210 1.511 .134 -.070 .518 .257 3.896
KMCONTRL -.028 .108 -.030 -.265 .792 -.242 .185 .399 2.508
KMTECHSF .014 .087 .017 .163 .871 -.159 .187 .463 2.160
KMGLOBAL .091 .112 .088 .820 .414 -.130 .312 .433 2.312
KMRELMAT .095 .123 .084 .778 .438 -.148 .338 .425 2.352
ITINTEG .142 .093 .153 1.522 .131 -.043 .327 .492 2.033
ITCOLLA -.142 .092 -.178 -1.535 .128 -.324 .041 .368 2.714
ITDM -.127 .112 -.131 -1.137 .258 -.349 .094 .377 2.653
ITSECUTL .258 .102 .289 2.518 .013 .055 .461 .378 2.648
Type of 
Company .647 1.940 .031 .334 .739 -3.196 4.491 .593 1.685
Position -2.432 1.905 -.119 -1.277 .204 -6.205 1.342 .572 1.747
Company
Ownership 1.000 5.772 .013 .173 .863 10.436 12.436 .894 1.119
Working
Experience 1.163 1.628 .058 .714 .476 -2.062 4.388 .763 1.310
Education
Level 3.669 2.902 .092 1.264 .209 -2.080 9.418 .931 1.075
2 (Constant) 3.313 12.503 .265 .791 21.456 28.082
KMFRENDP .218 .130 .175 1.676 .097 -.040 .476 .454 2.202
KMCONTR .034 .114 .032 .301 .764 -.191 .259 .425 2.352
KMCONSTR .065 .123 .065 .527 .599 -.179 .309 .323 3.094
KMPEOPL .032 .107 .035 .300 .765 -.180 .244 .361 2.772
KMOPERTN .228 .146 .214 1.559 .122 -.062 .517 .263 3.809
KMCONTRL -.027 .107 -.028 -.251 .803 -.238 .184 .403 2.483
KMGLOBAL .094 .110 .091 .862 .391 -.123 .312 .444 2.250
KMRELMAT .092 .120 .081 .765 .446 -.146 .330 .438 2.283
ITINTEG .144 .092 .155 1.564 .121 -.038 .327 .501 1.997
ITCOLLA -.141 .092 -.178 -1.536 .127 -.323 .041 .369 2.710
ITDM -.126 .111 -.130 -1.135 .259 -.347 .094 .378 2.646
ITSECUTL .258 .102 .289 2.528 .013 .056 .460 .378 2.648
Type of 
Company .611 1.919 .029 .318 .751 -3.190 4.411 .601 1.663
Position -2.433 1.896 -.119 -1.283 .202 -6.190 1.324 .573 1.747
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5.747 .013 .175 .861 10.379 12.393 .894 1.119
1 filS .057 .706 .482 -2.059 4.339 .769 1.300iixpenence
Education
Level 3.695 2.885 .093 1.281 .203 -2.021 9.410 .933 1.071
(Constant) 4.443 10.666 .417 .678 16.684 25.571
KMFRENDP .218 .130 .175 1.683 .095 -.039 .475 .454 2.202
KMCONTR .032 .112 .030 .283 .778 -.191 .254 .432 2.317
KMCONSTR .067 .122 .067 .547 .586 -.175 .309 .326 3.072
KMPEOPL .030 .106 .033 .283 .777 -.180 .240 .365 2.737
KMOPERTN .231 .144 .217 1.599 .113 -.055 .517 .266 3.753
KMCONTRL -.026 .106 -.027 -.243 .809 -.236 .184 .404 2.476
KMGLOBAL .096 .109 .092 .880 .381 -.120 .311 .447 2.239
KMRELMAT .089 .118 .078 .749 .455 -.146 .323 .450 2.222
ITINTEG .145 .092 .156 1.579 .117 -.037 .326 .502 1.994
ITCOLLA -.139 .091 -.176 -1.533 .128 -.320 .041 .372 2.685
ITDM -.126 .111 -.129 -1.138 .258 -.346 .093 .378 2.646
ITSECUTL .256 .101 .287 2.534 .013 .056 .457 .381 2.626
Type of 
Company .604 1.910 .029 .316 .752 -3.179 4.388 .602 1.662
Position -2.467 1.878 -.121 -1.314 .192 -6.188 1.253 .579 1.728
Working
Experience 1.172 1.597 .058 .734 .465 -1.992 4.336 .779 1.283
Education
Level 3.689 2.873 .093 1.284 .202 -2.002 9.380 .933 1.071
(Constant) 4.322 10.611 .407 .685 16.695 25.338
KMFRENDP .217 .129 .174 1.684 .095 -.038 .473 .454 2.201
KMCONTR .029 .111 .027 .258 .797 -.192 .249 .437 2.288
KMCONSTR .062 .120 .062 .514 .608 -.176 .299 .336 2.978
KMPEOPL .028 .105 .030 .264 .792 -.180 .236 .368 2.716
KMOPERTN .221 .137 .207 1.605 .111 -.052 .493 .292 3.421
KMGLOBAL .095 .108 .091 .876 .383 -.120 .310 .447 2.237
KMRELMAT .087 .118 .077 .740 .461 -.146 .320 .451 2.215
ITINTEG .144 .091 .156 1.582 .116 -.036 .325 .502 1.994
ITCOLLA -.141 .090 -.178 -1.568 .120 -.320 .037 .376 2.662
ITDM -.124 .110 -.127 -1.128 .262 -.342 .094 .380 2.632
ITSECUTL .255 .101 .286 2.537 .013 .056 .455 .381 2.622
Type of 
Company .613 1.902 .029 .322 .748 -3.155 4.380 .602 1.662
Position -2.466 1.871 -.121 -1.318 .190 -6.171 1.239 .579 1.728
Working
Experience 1.224 1.576 .061 .777 .439 -1.898 4.347 .794 1.260
Education
Level 3.705 2.860 .093 1.295 .198 -1.961 9.370 .934 1.071
(Constant) 4.553 10.531 .432 .666 16.304 25.409
KMFRENDP .229 .121 .183 1.889 .061 -.011 .469 .513 1.951
KMCONSTR .066 .118 .067 .564 .574 -.167 .300 .345 2.903
KMPEOPL .031 .104 .034 .297 .767 -.175 .237 .373 2.681
3
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.134 .214 1.707 .090 -.036 .493 .306 3.264
.108 .091 .874 .384 -.119 .308 .447 2.235
.079 .764 .446 -.142 .320 .454 2.204.117
ITINTEG .147 .090 .159 1.636 .105 -.031 .326 .510 1.960
ITCOLLA -.140 .090 -.176 -1.559 .122 -.317 .038 .378 2.648
ITDM -.129 .108 -.132 -1.190 .236 -.343 .085 .390 2.562
ITSECUTL .251 .099 .282 2.537 .013 .055 .448 .390 2.565
Type of 
Company .545 1.877 .026 .291 .772 -3.171 4.262 .613 1.630
Position -2.403 1.847 -.118 -1.301 .196 -6.062 1.255 .589 1.699
Working
Experience 1.174 1.558 .058 .754 .453 -1.912 4.260 .806 1.241
Education
Level 3.788 2.831 .095 1.338 .183 -1.817 9.394 .946 1.057
(Constant) 5.353 10.125 .529 .598 14.698 25.403
KMFRENDP .223 .119 .179 1.874 .063 -.013 .459 .526 1.903
KMCONSTR .062 .116 .062 .530 .597 -.168 .291 .352 2.842
KMPEOPL .034 .103 .038 .335 .739 -.169 .238 .378 2.643
KMOPERTN .233 .132 .218 1.762 .081 -.029 .494 .311 3.217
KMGLOBAL .092 .107 .088 .855 .394 -.120 .304 .451 2.218
KMRELMAT .089 .116 .079 .768 .444 -.141 .320 .454 2.204
ITINTEG .152 .089 .163 1.712 .090 -.024 .327 .524 1.909
ITCOLLA -.145 .088 -.182 -1.654 .101 -.318 .029 .392 2.549
ITDM -.126 .107 -.130 -1.175 .242 -.339 .086 .393 2.546
ITSECUTL .250 .099 .280 2.534 .013 .055 .445 .391 2.557
Position -2.111 1.545 -.103 -1.367 .174 -5.170 .948 .835 1.197
Working
Experience 1.159 1.551 .057 .747 .456 -1.913 4.231 .807 1.239
Education
Level 3.862 2.808 .097 1.375 .172 -1.699 9.423 .954 1.049
(Constant) 5.152 10.070 .512 .610 14.787 25.091
KMFRENDP .223 .119 .179 1.881 .062 -.012 .458 .526 1.903
KMCONSTR .071 .112 .071 .633 .528 -.151 .293 .374 2.673
KMOPERTN .247 .124 .232 1.991 .049 .001 .493 .349 2.867
KMGLOBAL .096 .106 .092 .903 .369 -.114 .305 .457 2.189
KMRELMAT .093 .115 .082 .802 .424 -.136 .321 .457 2.188
ITINTEG .150 .088 .161 1.700 .092 -.025 .324 .526 1.902
ITCOLLA -.147 .087 -.186 -1.696 .092 -.319 .025 .395 2.529
ITDM -.124 .107 -.127 -1.158 .249 -.335 .088 .395 2.531
ITSECUTL .256 .096 .287 2.656 .009 .065 .447 .406 2.465
Position -2.125 1.538 -.104 -1.381 .170 -5.171 .921 .836 1.196
Working
Experience 1.242 1.526 .062 .814 .417 -1.780 4.263 .828 1.208
Education
Level 3.840 2.797 .097 1.373 .172 -1.698 9.379 .954 1.048
(Constant) 4.922 10.038 .490 .625 14.953 24.796
KMFRENDP .238 .116 .190 2.049 .043 .008 .468 .546 1.830
KMOPERTN .280 .113 .262 2.478 .015 .056 .503 .420 2.379
KMGLOBAL .103 .105 .099 .985 .327 -.104 .311 .463 2.160
6
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10
11
12
.113 .095 .962 .338 -.115 .331 .479 2.088
.088 .159 1.679 .096 -.026 .321 .527 1.898
.083 -.167 -1.588 .115 -.298 .033 .427 2.341
ITDM -.128 .106 -.131 -1.200 .232 -.338 .083 .396 2.523
ITSECUTL .248 .095 .278 2.603 .010 .059 .437 .412 2.424
Position -2.068 1.532 -.101 -1.350 .180 -5.100 .965 .839 1.192
Working
Experience 1.230 1.522 .061 .808 .421 -1.783 4.243 .828 1.208
Education
Level 3.649 2.774 .092 1.316 .191 -1.843 9.141 .966 1.036
(Constant) 4.843 10.023 .483 .630 15.000 24.686
KMFRENDP .248 .115 .199 2.156 .033 .020 .477 .553 1.807
KMOPERTN .267 .112 .251 2.394 .018 .046 .489 .428 2.335
KMGLOBA
L .110 .105 .106 1.051 .295 -.097 .317 .466 2.147
KMRELMA
T .122 .111 .108 1.102 .273 -.097 .342 .491 2.038
ITINTEG .149 .088 .160 1.695 .093 -.025 .322 .527 1.898
ITCOLLA -.132 .083 -.166 -1.587 .115 -.297 .033 .427 2.341
ITDM -.138 .105 -.142 -1.310 .193 -.346 .071 .402 2.486
ITSECUTL .252 .095 .282 2.643 .009 .063 .440 .413 2.420
Position -1.706 1.463 -.083 -1.166 .246 -4.603 1.190 .917 1.091
Education
Level 4.032 2.729 .102 1.478 .142 -1.371 9.435 .995 1.005
(Constant) 5.063 10.025 .505 .614 14.783 24.909
KMFRENDP .274 .113 .219 2.437 .016 .051 .497 .580 1.724
KMOPERTN .310 .104 .291 2.973 .004 .104 .516 .493 2.030
KMRELMAT .136 .110 .120 1.233 .220 -.082 .354 .497 2.010
ITINTEG .163 .087 .175 1.877 .063 -.009 .334 .540 1.853
ITCOLLA -.110 .081 -.138 -1.361 .176 -.269 .050 .458 2.185
ITDM -.163 .103 -.168 -1.594 .113 -.366 .039 .425 2.353
ITSECUTL .261 .095 .292 2.748 .007 .073 .448 .417 2.400
Position -1.677 1.464 -.082 -1.146 .254 -4.574 1.220 .917 1.090
Education
Level 3.978 2.730 .100 1.457 .148 -1.426 9.382 .995 1.005
(Constant) 1.413 9.518 .149 .882 17.426 20.253
KMFRENDP .251 .111 .201 2.265 .025 .032 .471 .599 1.669
KMOPERTN .297 .104 .279 2.864 .005 .092 .503 .498 2.007
KMRELMAT .167 .107 .147 1.556 .122 -.045 .379 .529 1.892
ITINTEG .157 .087 .170 1.816 .072 -.014 .329 .541 1.848
ITCOLLA -.117 .080 -.147 -1.452 .149 -.276 .042 .460 2.172
ITDM -.164 .103 -.168 -1.596 .113 -.367 .039 .425 2.353
ITSECUTL .275 .094 .308 2.921 .004 .089 .461 .424 2.359
Education
Level 3.941 2.733 .099 1.442 .152 -1.469 9.351 .995 1.005
(Constant) 9.959 7.480 1.331 .186 -4.847 24.765
KMFRENDP .248 .111 .199 2.231 .027 .028 .469 .599 1.668
KMOPERTN .300 .104 .281 2.878 .005 .094 .506 .498 2.006
KMRELMAT .161 .108 .142 1.500 .136 -.052 .374 .529 1.889
ITINTEG .153 .087 .164 1.755 .082 -.020 .325 .542 1.845
ITCOLLA -.117 .081 -.148 -1.453 .149 -.277 .042 .460 2.172
9
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KMFRENDP
KMOPERTN
KMRELMAT
ITINTEG
ITDM
ITSECUTL
(Constant)
KMFRENDP
KMOPERTN
ITINTEG
ITDM
ITSECUTL
(Constant)
KMFRENDP
KMOPERTN
ITDM
ITSECUTL
.269
.293
.149
.117
-.210
.245
12.662
.319
.352
.130
-.196
.230
15.309
.340
.344
-.163
.284
-7.505
.111
.105
.108
.084
.098
.092
7.365
.105
.096
.084
.098
.092
7.205
.105
.096
.096
.086
-.166
.310
215
275
132
126
216
274
255
330
140
201
257
272
322
168
318
-1.566
2.925
1.396
2.420
2.806
1.3!
1.395
-2.149
2.650
1.719
3.032
3.661
1.553
-2.005
2.494
2.125
3.240
3.562
-1.703
3.309
.120
.004
.165
.017
.006
.168
.166
.034
.009
.088
.003
.000
.123
.047
.014
.036
.002
.001
.091
.001
-.366
.089
-4.376
.049
.086
-.064
-.049
-.404
.062
-1.913
.111
.162
-.036
-.389
.047
1.052
.132
.153
-.353
.114
.043
.464
25.331
.488
.500
.363
.283
-.017
.428
27.237
.527
.542
.295
-.003
.412
29.565
.548
.534
.026
.453
.425
.424
.609
.499
.532
.589
.476
.448
.682
.596
.596
.481
.454
.694
.598
.504
.530
177
2.353
2.358
1.643
2.003
1.878
1.698
2.103
2.233
1.466
1.679
1.677
2.079
2.202
1.442
1.674
1.984
4.11 Summary
This chapter discussed the result of empirical analysis on the relationship of KM, 
ITIC and PP within construction consulting industry through rigorous testing and 
analysis including Single Mean Analysis, Mean Different Analysis, Correlation Analysis 
and Multiple Regression Analysis.
The outcome of the single mean t-test for Research Hypothesis 1 for KM 
indicated that all KM variables including KM Front-end Planning, KM Contract 
Management, KM Construction, KM Relationship and Material Management, KM 
People, KM Operation, KM Control, KM Technology and Safety and KM Resource and 
Standard are statistically proven to be significantly high. Upon further analysis, ranking 
of KM starts with the highest mean of 73.6742 for KM Front-end Planning, followed by 
KM Relationship and Material Management (69.0341), KM Contract Management 
(67.6894), KM Resource and Standard (65.4545), KM People (63.2576), KM Operation
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Subsequently, the outcome of the single mean t-test for Research Hypothesis 1 
for ITIC indicated that all ITIC variables which are IT Integration Capability, 
Collaboration Capability, IT Data Management Capability, IT Security and Utility 
Capability and Other IT Capability are statistically proven to be significantly high. Upon 
farther analysis, ranking of ITIC starts with the highest mean of 73.2639 for IT 
Integration Capability, followed by IT Security Capability (71.5436), IT Data 
Management Capability (60.7639), IT Collaboration Capability (60.3220) and Other IT 
Capability (58.9489).
Similarly, the outcome of the single mean t-test for Research Hypothesis 1 for PP 
indicated that all PP variables which are Project Time, Project Cost, Project Quality and 
Project Scope are statistically proven to be significantly high. Upon further analysis, 
ranking of PP starts with the highest mean of 74.5739 for Project Time, followed by 
Project Scope (72.3011), Project Cost (68.9394) and Project Quality (68.9394).
The results of Mean Difference analysis show that PP did not demonstrate any 
differences in its means based on company ownership, level of experience and level of 
education of the practitioners. However, only Project Scope has demonstrated a 
difference in means based on company type and position of the practitioners.
Further testing on the correlation of the variables, the results show that there are 
positive correlations between all nine KM variables (Front-end Planning, Contracts, 
Construction, Material and Relationship Management, People, Start-up Operation, 
Project Control, Technology and Safety, Resource and Standard Issues) with four PP 
variables (time, cost, quality and scope).
Finally, the results of regression test show that there is an apparent statistically 
significant linear relationship between the combination of KM, ITIC and demographic 
variables of the dimensions of PP. The null hypotheses Ho5 was rejected with the
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■ as shown in Table 4.37. Furthermore, all four models
___________________illinearity problems among the independent variables.
However, three (3) regression models (Project Time, Project Cost and Project Quality) 
show some model misspecification based on Durbin Watson's value, and only 
regression model for Project Scope does not show a model misspecification where the 
Durbin Watson value is 2.017. The misspecification error might due to the fact that the 
independent variable which is not positively correlated with the dependent variable has 
also been included in the multiple regression process. The future research shall consider 
the correction of this misspecification issue. For the purpose of this study, the regression 
function of dependent variable with no misspecification error which is Project Scope is 
identified as the function to be used to predict PP based on KM and IT infrastructure 
Capability.
Table 4.37: Summary of Regression Models
N
o
Variables
Dependent Independent Best Model DurbinWatson
1 Project
Time
KM Contract Management, KM 
Relationship and Material 
Management, IT Integration, IT 
Collaboration, IT Security and 
Utility.
PP Time = 17.608 + 0.255(KM Contract 
Management) + 0.278(KM Relationship 
and Material Management) + 0.176(IT 
Integration) -  0.118(IT Collaboration) + 
0.206(IT Security and Utility)
1.887
2 Project
Cost
KM Front end Planning, KM 
Operation, KM Relationship 
and Material Management, IT 
Integration
PP Cost = 18.401+ 0.181(KM Front end 
Planning) + 0.175(KM Operation) + 
0.243(KM Relationship and Material 
Management) + 0.129(IT Integration)
1.737
3 Project
Quality
KM Front end Planning, KM 
People, KM Technology and 
Safety, KM Relationship and 
material Management, IT 
Collaboration, IT Security and 
Utility
PP Quality = 7.183 + 0.155(KM Front 
end Planning) + 0.105(KM People) + 
0.176(KM Technology and Safety + 
0.346(KM Relationship and material 
Management) -  0.089(IT Collaboration) + 
0.201(IT Security and Utility)
1.929
4 Project
Scope
KM Front end Planning, KM 
Operation, KM Resource and 
Standard, KM Relationship 
and material Management, IT 
Integration, IT Collaboration, 
IT Data Management, IT 
Security and Utility, Position 
of respondent, Education 
Level of respondent
PP Scope = 4.843 + 0.248(KM Front end 
Planning) + 0.267(KM Operation) + 
0.110(KM Resource & Standard) + 
0.122(KM Relationship and material 
Management) -  0.149(IT Integration) - 
0.132(IT Collaboration) -  0.138(IT Data 
Management) + 0.252(IT Security and 
Utility) -  1.706(Position of respondent)
+ 4.032(Education Level of respondent)
2.017
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CHAPTER 5
QUALITATIVE FINDINGS
5.1 Introduction
This chapter provides information on the findings from qualitative study on 
Malaysian Construction Consulting Companies. The findings of this study 
complement and expand the findings from quantitative analysis. Significant patterns 
and themes will be identified and presented in this chapter. The findings are divided 
into four major parts: (1) General understanding, (2) KM, (3) ITI capability, (4) 
Project Performance and (5) Factors and Challenges that influence the 
implementation of KM and ITIC capability to support project performance.
5.2 Samples and Sampling Method
The initial practitioners from selected consulting companies involved in the 
quantitative study have been recommended by CIDB. Then, among the initial 
samples, the samples for qualitative survey were again identified and recommended 
by CIDB. Major criteria used by CIDB were the level of KM and ITIC 
implementation in the companies. There are seven companies selected for the study 
whereby they represent the majority of the consulting companies.
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The current business characteristics of the participants in this study are 
presented in Table 5.1. The construction consulting companies are involved in 
diverse business interests ranging from architecture (2 company), civil engineering (3 
companies), Quantity Survey (1 company) and project management (1 company).
Table 5.1: Current business characteristics of Participants
Firstly, Can you please describe your current business you are in?
- Quantity survey
- Civil Engineering
- Architecture
- Others
Count
1. Civil Engineering 4
2. Architecture 1
3. Quantity Survey 1
4. Project Management 1
For better understanding of the type of products and services that the 
participants provided for their clients, the question "What type of products and 
services do you provide?S was posed to the participants. Table 5.2 shows that most 
of the participants provide Design Services (4) followed by Engineering Services (4 
counts), Project Management Services (2 counts), Estimation Services (2 counts) and 
Structure Analysis (1 count). It can be accepted that design, engineering, structure 
analysis, estimation and project management are common product and services in the 
construction consulting companies as the basic products and services which directly 
affect the project performance measures; project schedule, cost, quality and scope.
Table 5.2: Types of Products and Services of Participants
What type of products and services do you provide? Count
- Design Services 4
- Engineering Services 4
- Project Management Services 2
- Estimation Services 2
- Structure Analysis Services 1
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5.3, the customers of the participants mostly are from 
rnment body (8 counts). This can be accepted because
the construction project needs a huge budget which is provided mostly from private 
and government body.
Table 5.3: Type of customers of Participants
Who are your customers? Count
- Government body 8
- Private body 2
Table 5.4 shows the ownership structure of the company from the 
participants. It can be seen that all of them are 100% Malaysian ownership 
companies (6 counts).
Table 5.4: The ownership structure of company of Participants
Describe the ownership structure of your company?
- 100% Malaysian ownership
- Joint venture foreign company
- 100% foreign ownership_____________________
Count
- 100% Malaysian ownership
The current position of the participants in this study is presented in Table 5.5. 
The participants held different position in their respective company ranging from 
Senior Engineers (3 counts), Managing Director (1 count), Senior Designer (1 
count), Project Manager (1 count) and Technical Manager (1 count).
Table 5.5: Current position of Participants
What is your current position in this company? Count
Senior Engineers 3
Managing Director 1
Senior Designer 1
Project Manager 1
Technical Manager 1
7
^PDF
Complete
Your complimentary 
use period has ended. 
Thanif you for using 
PDF Complete.
Click Here to upgrade 
Unlimited Pages and £
184
.6, it is interesting to note that most of the construction 
1 of business experience i.e., 5-10 years experience (4
counts) and more than 10 years experiences (3 counts).
Table 5.6: Years of working experience of Participants
How many years of working experience do you have?
- Less than 5 years
- 5 -  10 years
- More than 10 years
Count
- 5 -  10 years 4
- More than 10 years 3
- Less than 5 years 0
The construction consultancy businesses were built from scratch, acquired or 
resulted from "cases of disputeS; One obvious common denominator is that the 
practitioners are well educated (refer Table 5.7) i.e., Bachelor degree (5 counts) and 
Master degree (2 counts).
Table 5.7: Level of education of Participants
What is your highest level of education?
- Diploma
- Bachelor degree
- Master
- Other. please specify?
Count
- Bachelor degree 5
- Master 2
In summary, Table 5.8 shows the information of the participants. All 
participants have between five to ten years working experience, where six of them 
are degree holders and one of them holding a master degree. The selected 
participants are working with various consulting companies; Civil Engineering 
(count 4), Architectural (count 1), Quantity Surveyor (count 1) and Project 
Management (1). Furthermore, Table 5.8 also presents various consulting products 
and services of the selected companies and KM and IT services initiated by the 
companies.
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mmary of Background of the Participants
Practit
ioner
Position, Experience 
and Education
Scope of 
Business
Products and 
Services
KM or IT 
Initiatives
A Senior Designer 
w ith  9 years 
experience and 
bachelor degree
Architecture Design Services Integrated 
N etw ork System 
and Latest 
Software
B Senior Engineer 
w ith  12 years 
experience and 
bachelor degree
Civil
Engineering
Design Services Integrated 
N etw ork System 
and Latest 
Software
C Senior Engineer 
w ith  5 years 
experience and 
master degree
Civil
Engineering
Design Services
Engineering
Services
Structure
Analysis
Services
Integrated 
N etw ork System 
and Latest 
Software
D Senior Engineer 
w ith  12 years 
experience and 
bachelor degree
Civil
Engineering
Design Services
Engineering
Services
Intranet, Server 
System and 
Latest Software
E M anaging Director 
w ith  15 years 
experience and 
Master degree
Civil
Engineering
Engineering
Services
Project
M anagement
Server System 
and Latest 
Software
F Technical Manager 
w ith  7 years 
experience and 
bachelor degree
Q uantity
Surveyor
Q uantity Survey Latest Software
G Project Manager 
w ith  8 years 
experience and 
bachelor degree
Project
M anagement
Project
M anagement
Engineering
Services
Q uantity Survey
Integrated 
N etw ork System 
and Latest 
Software
5.4 Knowledge Management
5.4.1 The Status of Knowledge Management in Malaysian Construction 
Consulting Companies
Table 5.9 shows the status of KM in Malaysian construction consulting 
companies perceived by the participants. It is interesting to note that most of the 
practitioners (4 counts) perceive that the level of KM implementation is medium
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;ounts) and low level (1 count). However, most of the 
,nd high level of readiness. This implies that they are
confident and ready to embark the KM project as soon as possible. This statement 
can be accepted because most of the Malaysian construction consulting companies 
are small sized and most of them are just aware of KM concept and benefits and they 
are at the early stage in the implementation of KM.
Table 5.9: The Status of Knowledge Management in Malaysian Construction
Consulting Companies
How would you describe the status of KM in your company?
Count
- Medium Level of KM implementation 4
- High Level of KM implementation 2
- Low High Level of KM implementation 1
Readiness of KM Implementation among Construction Consulting 
Companies in Malaysia
- Medium Readiness 3
- High Readiness 3
- Low Readiness 1
5.4.2 The Use of CII Knowledge Area in Malaysian Construction Consulting 
Companies
Table 5.10 shows the level of usage of CII Knowledge Area among Malaysian 
construction consulting companies. It is apparent that most of the consultants 
implement Front-end Planning (7 counts) and Construction Management (6 counts). 
There are quite a number of companies which apply Start-up and Operation 
management (5 counts), Organization Management (5 counts) and Globalization 
Issues (5 counts). However, only few companies implement the Supplier 
Relationship Management and Material Management for Procurement process (2 
counts) and Work Packaging for project control (1 count). The statements are in line 
with the status of KM implementation as shown in Table 5.8.
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Knowledge Area in Malaysian Construction Consulting 
Companies
Based on CII Knowledge Areas, what has been your experience with 
these? Count
1. Front end Planning (Pre-project Planning, early estimation) 7
2. Construction (Cost-Schedule Control, Risk Management) 6
3. Start-up and Operation (Planning for maintainability, Management 
of physical location)
5
4. Organization (Project team, Work Structures, Quality management, 
Identification of Barriers)
5
5. Globalization Issues 5
6. Design (Design Standard, Design Effectiveness, Computer Aided 
Tools)
4
7. People (Training, Productivity Measurement, Multiskilling) 4
8. Safety, Health and Environment (Safety Design, Zero Accident 
Techniques)
4
9. Procurement (Supplier Relationship Management, Material 
Management)
2
10. Information Management and Technology System(fully integrated 
IT system)
2
11. Project Control (Work Packaging) 1
5.4.3 Knowledge Management Activities
There are several KM activities which have been practiced among the 
construction players in construction consulting industry to acquire, share and transfer 
knowledge among internal staffs, clients, customers and suppliers. Table 5.11 shows 
that among common KM activities of the consultants are Informal Discussion (7 
counts), Mentoring Activities (5 counts), Reading Supplier's Manuals and 
Documents (5 counts) and Reading Physical documentations and drawings (5 
counts). The findings can be accepted since the activities are required for daily 
operations of consulting work. Furthermore, informal discussion and mentoring 
activities were found to have a positive relationship with knowledge transfer (Chang, 
1997). Beside the above, the companies also manage their knowledge through Pre­
project, project progress and post-project meetings (4 counts) and accessing the 
Internet resources (4 counts). However, not many companies practice KM activities
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s and Working Papers (3 counts), Reading Books, 
Guidelines (3 counts). Partners and Experts Discussion
(3 counts), Accessing the associations or government bodiesN website or portal (3 
counts) and Attending Seminar and Conference (2 counts). The findings can be 
accepted since most of the consulting companies do not have enough budgets for 
such activities due to small projects and furthermore there are insufficient awareness 
programs to promote such KM activities.
Table 5.11: KM Activities
1. Informal discussion 7
2. Mentoring Activities 5
3. Reading Physical documentations and drawings 5
4. Reading Supplier's Manuals and Documents 5
5. Pre-project, project progress and post-project meetings 4
6. Accessing the Internet resources 4
7. Partners and Experts Discussion 3
8. Reading Proposals and Working Papers 3
9. Reading Books, Magazines, Newspaper and Guidelines 3
10. Accessing the associations or government bodiesNwebsite or portal 3
11. Attending Seminar and Conference 2
5.4.4 Barriers in Implementation of Knowledge Management in Malaysian 
Construction Consulting Companies.
For better understand of the barriers in the implementation of KM in 
Malaysian Construction Consulting Companies, the question "Do you find any 
barriers or challenges in the implementation of KM in your company?Nwas posted to 
the participants. Table 5.12 shows that main barriers to the implementation of KM in 
Malaysian Construction Consulting Companies are Not enough time (4 counts), Not 
enough money (3 counts), Lacking of management support (3 counts), Lacking of 
Team Working Culture among the consultants (2 counts), Not willing to share 
problems (2 counts), Misunderstanding of KM concepts (2 counts), Culture and 
political interference (2 counts), staff not ready (1 count) and no expertise (1 count).
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r challenges in the implementation of KM in
your company
1. Not Enough Time
2. Not enough money
3. Lacking of Management Support
4. Misunderstanding of KM concepts
5. Not willing to share problems
6. Lacking of Team Working Culture
7. The cultural and political interference
8. Staffs are not ready
9. No Expertise
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5.4.5 Internal and External Success Factors of KM
Implementation in Construction Consulting Companies
Based on Table 5.13, both internal and external environmental factors have 
equal impact on the KM in construction consulting companies. Among the internal 
factors that affect KM are Culture (4 counts), Commitment from management (3 
counts), Incentive or reward for the staff (3 counts), and Openness or Willingness 
(more on trust) to share and listen (2 counts), Commitment from employee (2 
counts), Awareness and exposure to KM concepts (1 count) and Personal interest (1 
count). Externally, Business-politics culture (3 counts), Government directions, 
opportunity and rules (2 counts), Business factor/competition (2 counts), 
Associations encouragement (1 counts), Client (1 counts) and Suppliers (1 counts) 
have impact on KM in construction consulting companies.
r
4
3
3
2
2
2
2
1
1
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1 or internal success factors of KM implementation in 
construction consulting companies
Do you find any external and internal environmental factors that have 
impacted KM in your company?
Count
Internal:
- Culture 4
- Commitment from management 3
- Incentive or reward for the staff 3
- Openness or willingness (more on trust) to share and listen 2
- Commitment from employee 2
- Awareness and exposure to KM concepts 1
- Personal interest 1
External:
- Business-politics culture 3
- Government directions, opportunity and rules 2
- Business factor/ competition 2
- Association Encouragement 1
- Client 1
- Suppliers 1
5.4.6 Easy Aspects of KM Implementation
Table 5.14 shows what the practitioners perceive as easy aspects of KM 
implementation. Among the easy aspects of KM are Sharing knowledge through 
informal discussion and communication (4 counts), Sharing Design Knowledge 
through Computer-Aided Software (3 counts), Transfer knowledge through meetings 
(2 counts), Acquire lesson learn knowledge through reading reports (2 counts), 
Transfer knowledge through mobile communication (2 counts), Transfer knowledge 
through coaching, mentoring system (2 counts), Sharing knowledge through network 
file sharing (1 count) and Transfer knowledge through formal education and training 
(1 count).
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Easy Aspects of KM Implementation
_i find easy to implement?
- Sharing knowledge through informal discussion and communication
- Sharing Design Knowledge through Computer-Aided Software
- Transfer knowledge through meetings
- Acquire lesson learn knowledge through reading reports
- Transfer knowledge through mobile communication
- Transfer knowledge through mentoring system
- Sharing knowledge through network file sharing
- Transfer knowledge through formal education and training
191
Count
5.4.7 Difficult Aspects of KM Implementation
Table 5.15 shows what the practitioners perceive as difficult aspects of KM 
implementation. Among the difficult aspects of KM are Sharing knowledge through 
KM system (3 counts), Transfer knowledge through emails and chat tools (3 counts), 
Acquire lesson learn knowledge through website or online reports (2 counts), 
Acquire knowledge through manuals and books (2 counts), Transfer knowledge 
through portal (2 counts), Sharing knowledge through network file sharing (1 count) 
and Transfer knowledge through e-learning system (1 count).
Table 5.15: Difficult Aspects of KM Implementation
What aspects of KM do you find difficult to implement? Count
- Sharing knowledge through KM system 3
- Establish standard design and library of designs 3
- Transfer knowledge through emails and chat tools 3
- Acquire lesson learn knowledge through website or online reports 2
- Acquire knowledge through manuals and books 2
- Transfer knowledge through portal 2
- Sharing knowledge through network file sharing 1
- Transfer knowledge through e-learning 1
r
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Table 5.16 implies that some of the practitioners are comfortable to 
implement KM project since their top management and staff give high commitment. 
However, the Practitioners who are not quite comfortable to implement KM found 
that they donT  ^have enough budget and time, low understanding of KM concepts and 
lack of KM expertise. This finding again is accepted due to the nature of Malaysian 
Construction Consulting companies which mostly are small sized.
Table 5.16: Comfort Level in KM Implementation
How would you describe your comfort level in implementing KM in 
your company? Why?________________________________________
Count
Very comfortable
- Very high commitment from the top management
Comfortable
o The Plan is ready but waiting for budget 
o High commitment from staff even though low commitment 
______ from the top management____________________________
Not comfortable
o Not enough budget 
o Cannot focus, not enough time
Very uncomfortable
o Low understanding on KM concepts and benefits among 
management and staff 
o No expertise____________________________________
5.4.9 Suggestions to Improve KM Initiatives
Table 5.17 shows that the suggestion to implement KM initiatives. Among 
the suggestions are Government should promote KM initiatives (4 counts), Every 
staff member should be exposed to KM concepts and benefits (3 counts), Incentives 
should be given by the management (3 counts), IT infrastructure should be utilized 
especially in KM initiatives (2 counts), Staff member should be trained on the 
technology to support KM initiatives (2 counts), Portal should be designed to support 
KM (2 counts), A systematic coaching and mentoring system should be introduced (2 
counts), A simple and short article on lesson learnt should be written and shared 
among staff member (1 count), Competition and award should be introduced to 
promote KM initiatives (1 count), There should be a dedicated person to manage KM
1
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:ount) and KM Master Plan should be established before
Table 5.17: Suggestions to Improve KM Implementation
What suggestion do you have to improve the KM initiatives in 
construction consulting companies? Is there anything else you would 
like to tell about KM?
Count
- Government should promote KM initiatives 4
- Every staff should be exposed to KM concepts and benefits 3
- Incentives should be given by the management 3
- IT infrastructure should be utilized more in KM initiatives 2
- Staff should be trained on the technology to support KM initiatives 2
- Portal should be designed to support KM 2
- A systematic coaching and mentoring system should be introduced 2
- A simple and short article on lesson learnt should be written and 
shared among staffs.
1
- Competition and award should be introduced to promote KM 
initiatives.
1
- There should be a dedicated person to manage KM initiatives in a 
company.
1
- KM Master Plan should be established before the implementation 1
5.5 IT Infrastructure Capability
5.5.1 The Status of ITIC in Malaysian Construction Consulting Companies
Table 5.18 shows the status of ITIC in Malaysian construction consulting 
companies perceived by construction consultants. It is interesting to be noted that 
most of the practitioners (3 counts) perceive that the level of ITIC implementation is 
medium compared to high level (2 counts) and low level (2 counts). However, most 
of the companies are at medium and high level of readiness. This implies that they 
are confident and ready to embark the ITIC project as soon as possible. This 
statement can be accepted because most of the Malaysian construction consulting 
companies are small in terms of size and most of them do not have enough expertise 
to implement ITIC.
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[TIC in Malaysian Construction Consulting Companies
_e status of ITIC in your company?
- Medium Level of ITIC implementation
- Low High Level of ITIC implementation
- High Level of ITIC implementation
What is the level of readiness of ITIC Implementation among 
Construction Consulting Companies in Malaysia?__________
- High Readiness
- Low Readiness
- Medium Readiness
Count
3
5.5.2 ITIC Facilities in Construction Consulting Companies
As shown in Table 5.19, ITIC facilities are categorized into integration 
capability, data management capability, collaboration capability, security capability 
and utility capability. For integration capability, there are four companies which use 
email to communicate with their suppliers and clients, whereas only two companies 
which have an integrated network system and notice board and one company have an 
integrated server system. Table 5.19 also shows the business application software 
used in various type of construction consulting industry. Business application 
software can be categorized into common and specific software. Among the 
common application software used in consulting companies are AUTOCAD which is 
commonly used for technical drawing, Adobe Photoshop used for design, Microsoft 
Project used for project management, Accounting System used for financial 
management and 3D-Revit used for 3D design. Other application software listed in 
Table 5.19, are used for specific purpose based on the type of construction project 
managed by the consulting companies. For data management capability, among the 
database used in consulting construction industry are Construction Unit Rates 
Database, Subsurface Information Database, Developers Database, Specialists 
Database, Accredited Contractors Database, Specifications database, Bills of 
Quantities database, Galleries database. For Collaboration capability, there are three
r
2
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pability for sharing of technical documents and other 
ily one company has established a Digital Library for
technical and research journals, conference papers, academic references and 
technical videos. For Security capability, some of the construction consulting 
companies in Malaysia practice backup, computer password, anti-spy ware and 
uninterrupted power supply. They also provide IT training and technical support to 
smoothen the IT-related operations.
Table 5.19: ITIC Facilities in Malaysian Construction Consulting Companies
Could you please explain more on the ITIC facilities that are available in your 
company?
Count
- Integration Capability
o Email System 4
o Integrated Network System 2
o Notice/Bulletin Board 2
o Integrated Server System 1
Common Business Applications Software:
o AUTOCAD for technical drawing 6
o Adobe Photoshop for design 4
o Microsoft Project for project management 3
o Accounting System for financial management 3
o 3D-Revit for 3D design 3
Specific Business Applications Software:
o Staadpro & Strap for structural drawing 3
o Primavera for project management 3
o PROKON - a compete package of structural design and analysis 
software
2
o Geotechnical and water resources software (GEOPRO) 2
o Digital photographic equipment 2
o MCACES - Gold - Micro-computer Aided Cost Engineering System 2
o Integrated Cost Management System (CMIS) for BQ management 1
o Structural analysis & design software (ETABS, SAP 2000, STAAD 
Pro, ADAPT)
1
o ESTEEM - a reinforced concrete structural analysis, design 1
o Multiple reservoir operation simulation models software 1
o Steady and unsteady state open channels network hydraulic analysis 
software
1
o Water reticulation network analysis software 1
o Water hammer analysis software 1
o Hydrological models software 1
o WaterCAD- a complete water distribution analysis and design tool 1
o PDS (Highway, Infrastructure & Ground Modelling) 1
o Plaxis (2D and 3D Finite Element) 1
o SAFE 2000 (Soil-Structural Finite Element) 1
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oad analysis program to calculate the impulse and 
pressure on blast surface
NONLIN V 1.0 - Structural Dynamical and Earthquakes Engineering 
Analysis program
FRANG - Calculates gas pressure inside a room generated from 
internal explosion
RAD - Rigid Airfield Design (RAD)
Data management capability
o Construction Unit Rates Database
o Developers Database
o Specialists Database
o Accredited Contractors Database
o Specifications database
o Bills of Quantities database
o Galleries database
o Subsurface Information Database
Collaboration capability
o Intranet capability for sharing of technical documents and other 
electronic resources 
o Digital Library for technical and research journals, conference papers, 
academic references, technical videos
Security capability 
o Backup
o Computer Password 
o Anti-spy ware 
o Uninterrupted Power Supply
Utility capability
o Provide Technical Support
o Provide IT Training
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5.5.3 ITIC Implementation Barriers
Similar to other industry, in the construction consulting industry, there are 
barriers in the implementation of ITIC. Based on the interview and as shown in Table 
5.20, barriers that were identified are Cost constraints (5 counts), Insufficient 
enforcement from government and client (3 counts), Other partners are not ready (2 
counts), Insufficient awareness on ITIC Capability (4 counts), Not enough time for 
information update (3 counts) and relevant and accepted software is not available (3 
counts).
o
o
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5.20: ITIC Implementation Barriers
implementation of ITIC?
- Cost constraints
- Insufficient awareness on ITIC
- Insufficient enforcement from government and client
- Not enough time for information update
- Relevant and accepted software is not available
- Other partners are not ready
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5.5.4 Easy Aspects of ITIC Implementation
Table 5.21 shows what the practitioners perceive as easy aspects of ITIC 
implementation. Among the easy aspects of ITIC is IT Training (4 counts), Use of 
Design Software (3 counts), Email (3 counts), Specific Business Application (2 
counts) and File Sharing (2 counts). These findings are accepted since IT training is 
a requirement before any ITIC can be implemented. Nowadays, use of design 
software is crucial since most of the companies use the software for design exchange. 
File sharing is important to enable document retrieval and sharing among the project 
team members.
Table 5.21: Easy Aspects of ITIC Implementation
What aspects of ITIC do you find easy to implement? Count
- IT Training 4
- Email 3
- Design Software 3
- File Sharing 2
- Specific Business Application 2
r
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TIC Implementation
Table 5.22 shows what the practitioners perceive as difficult aspects of ITIC 
implementation. Among the difficult aspects of ITIC are Portal (3 counts), 
Integrated Network System (3 counts), Integrated Information System (2 counts), 
Security Management (2 counts), Virus Management (2 counts), Executive 
Information System (1 count) and Video Conferencing (1 count). These findings are 
valid since most of the above ITIC require a dedicated IT team to manage and 
support and currently most of the consulting companies only provide part time IT 
support to look into ITIC matters.
Table 5.22: Difficult Aspects of ITIC Implementation
What aspects of ITIC do you find difficult to implement? Count
- Portal 3
- Integrated Network System 3
- Integrated Information System 2
- Security Management 2
- Virus Management 2
- Executive Information System 1
- Video Conferencing 1
- e-Business 1
5.5.6 Suggestions to Improve ITIC Capabilities
There are several suggestions to improve ITIC capabilities that have been 
identified by the practitioners. As shown in Table 5.23, most of the practitioners 
suggested that management should allocate more budget for ITIC (4) followed by All 
staffs should be sent for IT Training from time to time (3 counts), Business 
Application software should be upgraded from time to time (3 counts), All staff 
members should have access to ITIC (2 counts), Suppliers and Clients should be 
encouraged to use IT for collaboration and communication (1 count), IT Master Plan 
should be established (1 count), Government should establish IT policy for 
construction industry (1 count), Technical Documents should be transferred and 
shared electronically (1 count), Companies should develop a website for marketing
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' profile and Database should be provided by 
encies (i.e., best practice, database supplier/material
system) (1 count) and implementation of e-Business (1 count).
Table 5.23: Suggestions to Improve ITIC
Suggestion to Improve ITIC Count
- Management should allocate more budget for ITI 4
- All staffs should have access to ITI 2
- All staffs should be sent for IT Training from time to time 3
- Business Application software should be upgraded from time to time 3
- Suppliers and Clients should be encouraged to use IT for 
collaboration and communication.
1
- IT Master Plan should be established 1
- Government should establish IT policy for construction industry 1
- Technical Documents should be transferred and shared electronically 1
- Companies should develop a website for marketing and introducing 
company profile
1
- Databases should be provided by government/professional agencies 
(i.e., best practice, database supplier/material system)
1
- Implementation of e-Business 1
5.6 Project Performance (PP)
5.6.1 Successful Project Performance
Based on Table 5.24, it is apparent that most of the practitioners believed that 
a successful project performance is on schedule (finish on time) as specified in the 
tender (5 counts), minimum budget variance as specified in the tender (3 counts) and 
quality (quality can be accepted) as specified in the tender (3 counts). Other factors 
which were identified are good in design (3 counts), client satisfaction (2 counts), 
based on targets (2 counts), self satisfaction (1 count), economical (1 count) and high 
safety (1 count).
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dgment of a successful project performance
How would you (or your company) judge a successful project 
performance? Count
- Based on schedule (finish on time) as specified in the quotation 5
- Based on budget (costing and profit) as specified in the quotation 3
- Based on quality (quality can be accepted) as specified in the 
quotation
3
- Good in design -The design is appropriate and acceptable to the 
client (easy to implement on site and can be translated by the 
executor/contractor)
3
- Client satisfaction 2
- Based on target (Those parties who are involved in the project 
well performed and happy enough/ satisfied.)
2
- Self satisfaction 1
- Economical 1
- High Safety 1
5.6.2 Status of Project Performance
Table 5.25 shows the status of PP managed in Malaysian construction 
consulting companies as perceived by construction consultants. It is interesting to be
noted that most of the practitioners (3 counts) perceive that the level of PP is medium 
and high (3 counts) compared to low level (1 count). However, most of the 
companies are at medium and high level of readiness for the implementation of KM 
and ITIC to improve project performance. This implies that they are confident and 
ready to embark the KM and ITIC project as soon as possible to support project 
performance.
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construction projects which your company involved? Count
- High Level of PP 3
- Medium Level of PP 3
- Low Level of PP 1
What is the level of readiness of to improve PP among Construction 
Consulting Companies in Malaysia?
- High Readiness 3
- Medium Readiness 3
- Low Readiness 1
5.6.3 How KM and ITIC Influence Project Performance
Based on Table 5.26, it is apparent that most of the practitioners believed that 
KM and IT could improve the project performance through improve communication 
among customers, client, suppliers and contractors (4 counts), sharing of best 
practice (3 counts), efficient sharing of project documentation (3 counts), improve 
the productivity of the staff (3 counts), reduce mistakes and errors (3 counts) and 
efficient project management and control (2 counts).
Table 5.26: How KM and IT Influence Project Performance
How Would You Think KM and IT Could Influence the Project 
Performance? Please describe? Count
- improve communication among customers, client, suppliers and 
contractors (partnering concept)
4
- Sharing of best practice 3
- efficient project management and control 3
- efficient sharing of project documentation 2
- improve the productivity of the staff 3
- Reduce mistake and errors 3
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5sful Project Performance
Based on Table 5.27, it is apparent that most of the practitioners believed that 
the main barriers for creating successful project performance are people (i.e. culture, 
interest and commitment) (5 counts), dynamic project timeline and requirement (4 
counts), Business Opportunity and Culture (3 counts), government direction and 
rules (3 counts), Lack of Research and Development (2 counts), Lack of Staff 
Training (2 counts) and Lack of knowledge on best practice (1 count).
Table 5.27: Barriers for a Successful Project Performance
W hat are the barriers for a Successful Project Performance?
Count
- People (i.e. interest and commitment) 5
- Dynamic project timeline and requirement 4
- Business Opportunity and Culture 3
- Government/Political direction and rules 3
- Lack of Research and Development 2
- Lack of Staff Training 2
- Lack of knowledge on best practice 1
- Lack of knowledge on IT and KM 1
5.6.5 Suggestion to improve the project performance in construction industry
There are possibly many factors that can improve the implementation of KM and 
ITIC to support project performance in construction industry. In this study, the 
practitioners were asked to suggest how to improve the project performance. Within 
the context of this study, pursuant to Table 5.28, the suggestions to improve the 
project management through the implementation of KM and IT can be categorized 
into 5 categories.
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) Improve the Project Performance in Construction
What suggestion do you have to improve the project performance in 
construction industry?
Count
Management Support and Motivation:
- Top management should initiate and drive the KM and ITIC projects
- KM and ITIC implementation should be enforce in terms of policy and 
procedures
- Organization Structure of the company should support the 
implementation of KM and ITIC projects
- Management should provide incentives for staffs who involve in KM 
and ITIC implementation
- Management should provide enough budget for KM and ITIC projects
- Management should motivate all staffs to utilize KM and ITIC for 
project performance
5
4
3
3
3
3
Positive Culture and Government Support:
- Knowledgeable society
a) It is very important because the construction players will 
understand and respect each other based on their expertise.
b) The construction players have to deal with the government 
agencies and all people involved in the project including the 
society to make sure that the project goes smoothly.
- Learning culture and personal interest to improve the knowledge
- Government or professional body roles
The professional organizations or government must implement 
some rules such quality assurance and standards. The government 
and professional bodies have to ensure that corruption is not in 
place in the industry.
- Competition
- Level of education
Staff are Literate or knowledgeable (level of knowledge)
1
2
4
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ment:
The allocation of budget for KM should be increased since 
knowledge is expensive especially for attending seminars, 
training, workshop journal etc and also to gain the latest 
information and technology.
- Market competitiveness
The construction players have to improve their business strategy 
with new knowledge and technology to be more innovative to win 
the project.
Latest Information Technology Infrastructure:
- Latest application software should be utilized such as software for 
technical drawing and design, BQ and project management.
- Information and Technology network and server should be established
- Databases system should be established for knowledge archival and 
sharing. (especially for the previous projects: design, analysis, 
documentation etc).
- Communication tools should be utilized such as portal, email or 
websites
Knowledge Workers:
- Staff member's education level should be upgraded from time to time 
since knowledgeable staffs will more appreciate the importance of 
KM and ITI
- Staffs should be exposed to KM and ITIC activities and 
implementation since those who have been exposed to the 
environment of KM and ITIC will easily support and adapt the 
changes
- A dedicated IT expert to manage ITIC to support KM and PP
- Inculcate positive attitude among the staff members since negative 
attitude to change will be the main obstacle for the implementation of 
KM and ITI
204
2
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5.6.5.1 Management Support and Motivation
The first category is management support and motivation. Management 
support and motivation factors are often viewed as important factor in the 
implementation of KM and ITIC capability to support project performance in the 
construction industry. Among the suggestions which relates to management support 
and motivation are: Top management should initiate and drive the KM and ITIC
3
2
3
2
1
1
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i ITIC implementation should be enforced in terms of 
ounts), Organization Structure of the company should
support the implementation of KM and ITIC projects (3 counts), Management should 
provide incentives for staffs who involve in KM and ITIC implementation (3 counts), 
Management should provide enough budget for KM and ITIC projects (3 counts) and 
Management should motivate all staff members to utilize KM and ITIC for project 
performance (3 counts).
5.6.5.2 Positive culture and government support
The second category of suggestion to improve project performance is to 
create positive culture and government support. From Table 5.26, it can be seen that 
positive culture and personal interest can motivate people to learn something new 
and improve the willingness to improve the knowledge and work hard. They also 
suggested that positive competition (2 counts), level of education (2 counts) and 
knowledgeable society (2 counts) can be the positive factors to promote KM and 
ITIC to improve project performance. The practitioners also suggested that the 
professional organizations or government agencies must implement some rules such 
quality assurance and standards.
5.6.5.3 Positive Economic Environment
The third category of suggestion to improve project performance is to create 
positive economic environment. The practitioners suggested that companies should 
increase their financial factor/budget (6 counts) to support KM and ITIC initiatives. 
This reason can be accepted since the implementation of KM and ITIC need financial 
investment. They also suggested that companies should create new knowledge and 
utilize new technology to be more innovative for Market competitiveness (5 counts).
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The fourth category of suggestion to improve project performance is to utilize 
latest information technology infrastructure. As shown in Table 5.28, among the 
suggestions are an Integrated Information and Technology network and server 
system (4 counts) should be established as a basic requirement for KM and ITIC 
implementation to support the project performance. Another suggestion is to 
establish various databases for knowledge archival and retrieval especially for the 
previous projects: design, analysis, documentation etc. They also suggested the 
usage of the latest application software (3 counts) to support technical drawing and 
design, bill of quantity (BQ) and project management and communication tools (3 
counts) such as portal, email or websites to improve project performance (3 counts).
5.6.5.5 Creation of Positive Knowledge Workers
The fifth category of suggestion is to create positive knowledge workers. They 
suggested that workers should be more knowledgeable, experienced and exposed to 
KM and ITIC implementations. Positive attitudes should be inculcated among the 
workers to facilitate changes in the organization.
5.7 Summary
This chapter discussed the factors that influence the implementation of KM 
and ITIC to support project performance within construction consulting industry. It 
has been seen that the importance of implementation of KM and ITIC to support 
project performance has been emphasized as an important part of any effective 
management strategy. Several push factors have been identified including internal 
and external push factors. Internally, management support and commitment and 
knowledge workers are deemed necessary to expedite the implementation of KM and 
ITIC to support project performance. Externally, it is noted that positive culture, 
government support, economic environment and latest technology support can be
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of KM, ITI and PP. This chapter also listed the latest 
Dgy tools for construction management as part of the
technology support tools to the implementation of KM, ITI and PP.
In addition, a clear signal to the construction industry is to be aware of the 
barriers and listed the strategy to overcome the barriers to ensure the success of KM 
and ITI to support project performance. Among the critical barriers which are 
required to be managed are organizational, boundary, management and technology. 
A part from that, the perceptions of organization, group and individual are identified 
to be the barriers with relates to people.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS
This chapter provides a summary of the findings and implications for future 
research and discussion. The purpose of this study was to investigate the major 
components of KM, ITIC and PP, the level of implementation of KM, ITIC and PP and 
the affect of demographic background to PP in Malaysian construction consulting 
companies. Then, the study further examined the relationship of KM and ITIC with PP 
and recommended the best model of KM, ITIC, PP and demographic background as a 
guide to construction consulting companies in Malaysia. Finally, the quantitative 
findings was complemented by findings through a qualitative study on how KM and 
ITIC influence PP, whereby this study has provided more detailed and updated 
descriptions on how the companies utilize KM and ITIC to support PP.
6.1 Summary of Results
Based on this study, the following conclusions have been derived:
First, the experiment concludes that the major components of knowledge 
management in Malaysian construction consulting companies are KM during front-end 
planning, KM during contract management, KM during construction management, KM 
during relationship and material management, KM during people management, KM 
during operation management, KM during control management, KM during technology
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IM during resource and standard management. As for IT 
____________ experiment found the major components as integration
capability, collaboration capability, IT data management capability, IT security and 
utility capability and other IT capability. With regards to project performance in 
Malaysian construction consulting companies, the result of the experiment shows the 
major components of project performance are project time, cost, quality and scope.
Second, the study found that the level of implementation of knowledge 
management in Malaysian construction consulting companies during process of Front- 
end planning, contract management, construction management, relationship and material 
management, people management, operation management, control management, 
technology and safety management and resource and standard management is 
significantly high. Subsequently, the level of implementation of ITIC in Malaysian 
consulting companies which comprises of integration capability, collaboration 
capability, IT data management capability, IT security and utility capability and other IT 
capability is also high. Similarly, the project performance level in Malaysian 
construction consulting companies which comprise of project time, cost, quality and 
scope is found to be significantly high.
Third, the study shows that project performance is not affected by company 
ownership, level of experience and level of education of the practitioners. However, 
company type and position of the practitioners have some effect on the project 
performance.
Fourth, the study found that all nine KM variables (front-end planning, contracts, 
construction, material and relationship management, people, start-up operation, project 
control, technology and safety, resource and standard issues) with four PP variables 
(time, cost, quality and scope) have positive correlation. The above finding also 
highlights the positive correlations between three ITI variables (IT Integration
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nt capability and IT security and utility capability) with 
____________ bles (time, cost, quality and scope).
Fifth, the study found the best model to predict PP based on KM, ITIC and 
demographic background is the following:
PP Scope = 4.843 + 0.248(KM Front end Planning) + 0.267(KM Operation)
+ 0.110(KM Resource & Standard) + 0.122(KM Relationship and material 
Management) -  0.149(IT Integration) - 0.132(IT Collaboration) -  0.138(IT 
Data Management) + 0.252(IT Security and Utility) -  1.706(Position of 
respondent) + 4.032(Education Level of respondent)
Finally, through the qualitative research, it can be concluded that the importance 
of implementation of KM and ITlC to support project performance has been emphasized 
as an important part of any effective management strategy. Several push factors have 
been identified including internal and external. lnternally, management support and 
commitment and knowledge workers are deemed necessary to expedite the 
implementation of KM and lTlC to support project performance. Externally, it is noted 
that positive culture, government support, economic environment and latest technology 
support can be push factors to the success of KM, lTlC and PP. This study also listed the 
latest software and other technology tools for construction management as part of the 
technology support tools to the implementation of KM, ITIC and PP. Furthermore, a 
clear signal to the construction industry is to be aware of the barriers and listed the 
strategy to overcome the barriers to ensure the success of KM and lTlC to support 
project performance. Among the critical barriers which are required to be managed are 
organizational, boundary, management and technology. A part from that, the perceptions 
of organization, group and individual are identified to be the barriers with relates to 
people.
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; and qualitative research findings above, the revised KM­
____________ which is shown in Figure 6.1. The revised KM-ITIC-PP
framework takes into consideration all the major findings from the quantitative and 
qualitative analysis. The finalized model incorporates the qualitative findings as 
contextual factors into the quantitative findings that affect the degree of relationship 
between KM, ITIC Capability and Project Performance through out the project life 
cycle. The framework also ranked the independent variables for each dependent variable 
based on the degree of Pearson correlation from highest to lowest as well as maximum 
to minimum impact of its related items. The best regression model based on Project 
Scope is also indicated in the model. This framework partially address Kim (1999) and 
Egbu (2002) comment on the lack of relationship between KM and ITIC capability with 
Project Performance (PP) through a scientific and empirical approach. Figure 6.1 also 
confirms that most demographic factors do not have significant impact on Project 
Performance except position and company type of the practitioners. This is in accord 
with the findings by Srisilpsophon (1999), whereby demographic variables did not relate 
with the performance.
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0 .26 7 (K M 1) + 0 .11 0 (K M 2) + 0 .122(K M 4) 
-  0 .149 (IT2) - 0 .13 2(IT 5) -  0 .138 (IT3) + 
0 .25 2 (IT 1 ) + 1 .70 6(P osition) + 
4 .03 2(E d uca tion )
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Figure 6.1: The Finalized Conceptual Research Model
6.2 Implication
In addition to the contextual contribution, these implications need to be 
addressed to ensure that managers could become effective leaders. The KM, ITIC and 
PP study among Malaysian Construction Consulting Companies indicated that most of 
the respondents have expected more attention be given to strategize the implementation
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*. As such the KM and ITIC should be embedded into the 
part of the important organization elements. Based on the
213
findings of this study, the implementation plan need to consider the following:
(a) Setting up lT infrastructure which should be designed for integration, 
collaboration, data management and security.
(b) Establishing KM strategy, activities and tools which should cover 
knowledge creation, transfer, sharing and archiving.
(c) Developing relevant Education and Training Program for all level of 
workers including clients and suppliers.
(d) Structuring the organization structure to support KM and lTlC 
implementation.
(e) Establishing the experts group of KM and lTlC.
(f) Cultivate the positive culture through management commitment and reward 
system.
(g) Establishing the Barriers Management Strategy to manage barriers.
(h) Establishing government-company link as a platform for the companies to 
discuss their concerns on the implementation of KM and lTlC which relates 
to government commitment and political issues.
(i) Accessing the impact of KM and lTlC on PP.
6.3 Future Research
Three areas were identified where follow-up research based on this study could 
be conducted. The four areas are to conduct comparative studies among other industries, 
develop typology of construction consulting companies through type of services, 
conducting analysis using structural equation modelling and comparative studies among 
other countries.
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with Other Industries on KM-ITIC and PP
For the present study, the sample was chosen from Construction Consulting 
Companies. Further comparative works may be conducted across different industries and 
cultures such as manufacturing, utility, agriculture etc. Comparisons among different 
industries can help to understand the pattern of KM and ITIC strategies implemented 
across different industries, so that more focused research attention on KM-ITIC and PP 
can be made. A possible study can be carried out on the private and public sectors in 
Malaysia. On the other hand, cross-cultural comparisons can provide better 
understanding on the influence of the socio-cultural interactions on the development and 
implementation of KM and ITIC to support PP. For example, applying the conceptual 
model to the manufacturing sector or a public institution will provide further 
understanding on the impacts of these internal and external factors, as the core business 
and orientation may differ from that of a construction company.
6.3.2 Typology of Construction Consulting Companies
By classifying the consultants into different categories, it is possible to identify 
and develop a more focused knowledge areas-ITIC and PP framework for each different 
type of construction industry consultant. For example, a civil engineerl^ knowledge 
areas-ITIC and PP framework may or may not be similar to those from the architect and 
civil engineer's perspective. This issue could be answered by getting a bigger data set 
for subsequent studies.
6.3.3 Use of Structural Equation Modelling
For the present study, the analysis tools used to develop the model used are the 
standard SPSS analysis tools comprise o f Correlation and Multiple Regression. For
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modeling can be established by using Structural Equation 
_____________ techniques are distinguished by, firstly, their ability to
estimate multiple interrelated dependence relationships among knowledge areas, lTlC 
and PP through series of structural equation than separate equations, and secondly, their 
ability to represent unobserved concepts in these relationships and account for 
measurement errors in the estimation process. These advantages allow further research 
for estimating the conceptual model as a whole. By using structural equation modeling, 
it is also easier to estimate the goodness-of-fit for different alternative models, so that a 
Ebetter-fittedS one can be identified.
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APPENDIX A 
IRVEY QUESTIONNAIRES
Part A. Knowledge Management
Direction: Please respond to each item by circle a number based on the following 5 point 
scale:
1= Very Ineffective (VI)
2= Ineffective (I)
3= A Little Effective (LE)
4= Effective (E)
5= Very Effective (VE)
Please indicate your views on the effectiveness of the VI I LE E VE 
implementation of the following Knowledge Management 
Factors that you find most appropriate to your company 
based on the following items.
1.
2.
3.
FRONT-END PLANNING
Implementation of pre-project planning at the corporate and 1 
project level.
Implementation of early estimating in project planning and 1 
risk management.
Use of modularization and pre-assembly as a tool at project 1 
level.
2 3 4 5
2 3 4 5
2 3 4 5
4.
5.
6.
7.
9.
10. 
11. 
12.
DESIGN
Availability of design standard for every project. 1
Implementation of design effectiveness at the project level. 1 
Implementation of cost effective engineering for every aspect 1 
in project design.
Availability of computer-aided facility to design every 1 
project.
PROCUREMENT
Management of supplier relationship. 1
Sharing and transferring knowledge with clients, customers 1 
and suppliers.
Implementation of material management at project level. 1
Comprehensive material management training program. 1
Sufficiency of resources to implement material management 1
2 3
4 5 
4 5 
4 5
4
4
4 5 
4 5 
4 5
4
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pie).
iocumentation to support the 
implementation ot material management (e.g. file 
documents, database, etc).
14. Measurement of material management cost and benefits.
CONSTRUCTION
15. Control of cost and schedule based on the master plan.
16. Appropriate actions taken based on the cost and schedule 
control for every project.
17 Implementation of risk management at the proj ect level.
18. Regular updating of database of good work practices for risk 
management, lessons learned and listing of experts.
19. Management of workers’ compensation based on regional 
standard.
232
2 3 4 5
3 4
3 4 
3 4
3 4 
3 4
3 4
STARTUP AND OPERATION
20. Availability of design for maintainability to measure project 1
performances.
21. Management of planning for startup to ease collaboration 1 
work of projects or teams that are physically separated (i.e., 
different work sites).
PEOPLE
22. Availability of formal and informal training to keep 1 
employees'fekills current.
23. Availability of appropriate tools to measure productivity. 1
24. Sufficiency of resources to ensure multiskilling of employees 1 
at the project level.
ORGANISATION
25. Identification of barriers for implementation ofproject team. 1
26. Implementation of appropriate strategies for leader selection 1 
for every project.
27. Implementation of comprehensive partnership training 1 
program.
28. Management of the organizational work structure at the 1 
project level.
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5 
2 3 4 5
3 4 
3 4
3 4
3 4
1
21 5
1
1
1
1
21 5
2 5
2 5
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PDF Complete. anagement at the project level, 
the implementation of products 
and services based on planning and design.
Ability to adapt products and services to clientTS 
requirements.
Utilization of appropriate strategies and experiences to 
determine benchmark.
4 5 
4 5
233
2 3 4 5
2 3 4 5
PROJECT CONTROL
33. Implementation of systems for change management.
34. Sufficiency of resources to implement change management 
(e.g. time, computers, and people).
35. Measurement of costs and benefits of work packaging.
36. Availability of written process for work packaging 
implementation within the project.
CONTRACTS
37. Availability of written process for project delivery and 
contract strategies within the project.
38. Usage of project incentive at the project level.
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
SAFETY, HEALTH, AND ENVIRONMENT
39. Implementation of zero accident techniques at the project 1 
level.
40. Implementation of design for safety for every project. 1
3 4
3 4
INFORMATION MANAGEMENT AND 
TECHNOLOGY SYSTEMS
41. Automatic identification of barriers/problems for project 
processes (design, control, crash program, etc) using 
information technology (software application: Primavera, 
Microsoft project, ETABS, SAP2000, etc).
42. Utilization of electronic commerce is used to increase 
number of markets (e.g. wider geographic locations) and to 
improve client and customer relations (i.e., website, E-mail, 
etc).
3 4
2 3 4 5
1
1
1
1
1
1
1
1
1
1
2
2
21 5
1
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46.
47.
48.
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PDF Complete.^  tted and automated project using
7 , database, filing system, sharing
data, etcj.
Utilization of wireless technology for project processes. 
Wireless technology is implemented for project processes.
GLOBALISATION ISSUES
Implementation of international standards to improve the 
competitive advantage.
Ability to capture employeesNknowledge from other sources 
(i.e., other business enterprises, industrial associations, 
technical literature, public research institutions including 
universities and government laboratories).
Ability to protect from loss of knowledge due to workerfs 
departures.
Additional comment (if any) :
2 3
234 
4 5
2 3 4 5
2 3 4 5
4 5
2 3 4 5
Part B. IT Infrastructure
Directions: Please respond to each item by circling a number based on the 5 point scale 
where
1= Very Unimportant (VU)
2= Unimportant (U)
3= Quite Important (QI)
4= Important (I)
5= Very Important (VI).
Please indicate your views on the importance of the following VU U QI I
items that you find most appropriate to your company's IT
infrastructure.
VI
INTEGRATION CAPABILITY
49. Manages communication network service (e.g., phone contact, 1
fax, etc).
1
1
1
1 2 3
1
2 3 4
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(e.g., E-mail, Notice board, etc).
. s^tation networks (e.g., LAN/stand
alone FCj.
52. Manages business applications (e.g., software applications:
Microsoft Office, Microsoft Project, Primavera, etc).
53. Recommends standards for IT architecture components (e.g., 
hardware, operating systems, and communications).
54. Enforce IT architecture.
COLLABORATION CAPABILITY
55. Provides multimedia operations and development (e.g., video
conferencing).
56. Provides intranet capability for document management.
57. Provides intranet capability for collaboration (e.g., local 
resource sharing).
58. Provides electronic support for groups (e.g., documents, 
tutorials, CD software, etc).
DATA MANAGEMENT CAPABILITY
59. Provides data management advisory and consultancy services.
60. Manages business-unit data, including standards (e.g., oracle, 
database system).
61. Manages database management system.
62. Manages, maintains and supports large scale data processing 
facilities.
SECURITY CAPABILITY
63. Provides security for firm-wide database and applications (e.g.,
file/data backup, anti virus software, etc).
64. Implements disaster planning and recovery system for business 
units (e.g., backup, disk tools, etc).
UTILITY CAPABILITY
65. Provides technological advice and support services for internal 
requirement.
66. Provides training services for new technologies (e.g., software 
training, etc).
67. Utilizes Information System (IS) for project management.
68. Utilizes IS planning of business units.
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
235
2 3 4
2 3 4
2 3 4
2 3 4
3 4
3 4
3 4 
3 4
2 3 4
2 3 4 5
2 5
2 5
2
2
2 5
2 5
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notations in buying or dealing).
OTHER CAPABILITY
70. Provides information management system electronically (e.g.,
EIS).
71. Develops and manages electronic linkages to suppliers or 
customers (e.g., website, E-mail address, etc).
72. Develops a common systems environment.
73. Additional comment (if any) :
2 3 4 5
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Part C. Project Performance
Directions: Please respond to each item by circling a number on the 5 point scale where
1 = Strongly Disagree (SD)
2 = Disagree (D)
3 = Agree to Some Extent (AS)
4= Agree (A)
5 = Strongly Agree (SA)
Please indicate your views on the following items that 
you find most appropriate based on your experiences.
TIME
74. The time limit for the project is clearly stated.
75. Project activities are executed in accordance to the time 
schedule.
76. Project activities are carried out exactly as planned.
77. The project is normally finished on time.
78. The project meetings have well-planned agenda.
79. The final date of project completion is clearly defined.
SD D AS A SA
4
4
4
4
4
4
COST
The financial limit for the project is clearly stated. 2 3
1
1
1
1
1 4
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project is normally completed within budget.
QUALITY
83. The project has clear and exact goals
84. The project missions are clearly stated.
85. The goal of the project is accepted by those involved in 
the project.
86. The project that fulfils its goals, the results will be 
benefitial for the end users.
87. Project executor maintains all activities within quality 
parameters.
88. The master plan is regarded as mandatory for all project 
participants (e.g., contractor, supplier, etc).
89. The master plan clearly indicates who will be 
responsible for the various activities in the project.
90. All key participants are involved in the detailed project 
planning.
91. Project superiors (Top management, Steering 
Committee, etc) are accessible to the key executors 
whenever necessary.
92. Project quality is well defined during its execution.
93. The project meets its planned quality standard
94. The quality parameters for the project are clearly stated.
95. All experiences gained through a project are discussed in 
a special meeting and /or in a final evaluation report.
96. All relevant documents from the project are compiled in 
a separate end-of-project report or file.
97. Additional comment (if any) :
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
237
4 5
4 5
4 5
4 5
2 3 4 51
^PDFComplete
Click Here to upgrade 
Unlimited Pages and £
Your complimentary 
use period has ended. 
Thanif you for using 
PDF Complete.
238
PHIC INFORMATION
in the relevant boxes.
98. Type of Company:
Quantity Surveying 
Civil Engineering 
Architectural 
Others
99. Company Ownership
100 % Malaysian ownership 
Joint venture with foreign company 
100% Foreign ownership
100. Position:
Quantity Surveyor 
Civil Engineer 
Architect 
Others
101. Working Experience:
Less than 5 years 
5 -  10 years 
More than 10 years
102. Education Level:
103.
Diploma
Bachelor's degree 
Others
E-mail address (so that we could send 
to you the executive summary of this 
research):
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APPENDIX B
Interview Protocol
Assalamu'alaikum. First of all, I would like to convey my appreciation for your 
willingness to meet with me today. For your information, IT^ now doing my PhD 
Research on Knowledge Management in Construction Consulting Companies. The 
reason we’re meeting is to get some feedback from you on the implementation of KM 
and IT which relates to the Project Performance among the construction consulting 
companies. This feedback will help me to understand the current status of KM and IT 
implementation and how these components could improve project performance. The 
final goal is to produce some guidelines to the construction consulting companies in the 
implementation of KM and IT in order to improve their project performance. I am 
interviewing several consulting companies recommended by CIDB, and this is one of 
the companies selected. I want to remind you that your identity will be treated as 
strictly confidential, as such I would be grateful for your honest views.
This interview should take no longer than 1 hour, and we are going to have 3 parts of the 
interview.
Before we begin, I would like to ask you some questions about your company and 
yourself.
1. Firstly, Can you please describe your current business you are in (Quantity 
surveyor, Civil Engineering, Architecture, Others)?
2. What types of products and services do you provide?
3. Who are your customers?
4. Describe the ownership structure of your company? (100% Malaysian 
ownership, Joint venture foreign company, 100% foreign ownership)?
5. What is your current position in this company?
6. How many years of working experience do you have? (Less than 5 years, 5 -  10 
years, More than 10 years)?
7. What is your highest level of education? (Diploma, Bachelor degree, Master, 
Professional license, other please specify)?
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Now, to begin the first part, I would like to ask you some questions about KM.
1. How would you describe the status of Knowledge Management in your 
company?
2. Based on CII Knowledge Areas, what has been your experience with these?
^  The interviewee shall be given the CIIKnowledge Areas
3. What are the activities you have experienced in creating knowledge, transferring 
and sharing knowledge among the internal staff, clients, customers and 
suppliers?
4. Do you find any barriers or challenges in the implementation of knowledge 
management in your company?
5. Do you find any external and internal environmental factors that have impacted 
knowledge management in your company?
I have some more questions to ask you about your reactions to KM.
6. What aspects of KM do you find easy to implement?
7. What aspects of KM do you find difficult to implement?
8. How would you describe your comfort level in implementing KM in your 
company?
I f  interviewee feels comfortable, probe for how long it took to reach this 
level.
Before we finish the first part, I have two more questions to ask you on KM.
9. What suggestion do you have to improve the knowledge management initiatives 
in construction consulting companies?
10. Is there anything else you would like to tell me about Knowledge Management?
PART II
Now, we are moving into second part where I would like to ask you about IT.
11. How would you describe the status of IT in your company?
12. Could you please explain more on the IT facilities that are available in your 
company?
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s have you experienced in using IT?
rriers or challenges in the implementation of IT in your
company?
15. What aspects of IT do you find easy to implement?
16. What aspects of IT do you find difficult to implement?
Before we finish the second part, I have two more questions to ask you on IT.
17. What suggestion do you have to improve the IT Capabilities in construction 
consulting companies?
18. Is there anything else you would like to tell me about IT capability?
PART III
Now, we are moving into last part where I would like to ask you about Project 
Performance.
19. How would you or your company judge a successful project performance?
20. How would you describe the status of project performance for those construction 
projects which your company involved?
21. Do you find any barriers or challenges in achieving a successful project 
performance?
Before we finish, I have three more questions to ask you on Project Performance.
22. How would you think KM and IT could influence the project performance?
23. What suggestion do you have to improve the project performance in construction 
industry?
24. Is there anything else you would like to tell me about project performance in 
construction industry?
All right, we are finished. Thank you very much for spending time to talk with me 
about KM. Your input is going to be very valuable to the continuing development of 
this project.
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lPPENDIX c  
RVATION SHEET
Site:
Contact Date:
TodayTs Date:
1. What were the main issues or themes in this contact?
2. Summarize the information obtained (or failed to obtain) on 
each of the target questions posed during this contact.
3. Anything else that is salient, interesting, illuminating or important in this 
contact?
4. What behaviors were observed during this contact?
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Please read this Question Evaluation Sheet to gain an understanding of the aim 
and evaluation criteria before you attempt to answer them. After reading, you 
can then proceed to attempt to answer and/or review all the questions in the 
attached questionnaire.
You may find that questions may or may not be applicable to you specifically 
but bear in mind that your participation in this Pilot Test is aimed at evaluating 
whether the instructions, format, structure, questions, etc contained are clear, 
can be understood, properly formatted/structured, appropriate length, relevance, 
etc.
In this regard, please complete the following (circle your answer YES / NO 
and comment in the space provided. e.g. Question 5 is not clear, Question 8 is 
repeated, Question 8 is too long, Question 10 language is emotional, Question
12 is bias, etc) ;
1. The INSTRUCTIONS in the questionnaire are sufficient and can be 
understood easily.
YES 
/ NO
2. The QUESTIONS used are clear, unambiguous and can be understood 
easily.
YES 
/ NO
3. The STRUCTURE/FORMAT of the questionnaire is proper and can be 
easily followed and understood.
YES 
/ NO
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YES 
/ NO
5. The LENGTH (number of questions) of the questionnaire is reasonable and 
acceptable for responding.
YES 
/ NO
6. The questions asked are RELEVANT to the research topic.
YES 
/ NO
If you have any other observations and/or comments on the questionnaire, 
please list down below (in point form);
•  1
Please return the completed Questionnaire Evaluation Form to Wan Maseri bt 
Wan Mohd by e-mail to wmaseri@yahoo.com. Your support and co-operation 
through participating in this project is greatly appreciated. THANK YOU.
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APPENDIX E
lING THEMES AND PATTERNS BASED ON
SEMI-STRUCTURED INTERVIEW, DOCUMENT REVIEW AND
OBSERVATION
1. CII Knowledge Areas Implemented in Malaysia
CII Knowledge Area KM Initiatives
1. Front end Planning (Pre-project 
Planning, early estimation)
1. Implementation of pre-project planning 
at the corporate and project level.
2. Implementation of early estimating in 
project planning and risk management.
3. Implementation of Feasibility Study
4. Searching Land Information through 
GIS
5. Reviewing Companies Performance 
Report for appointment of Consultants
2. Design (Design Standard, 
Design Effectiveness, Computer 
Aided Tools)
1. Availability of design standard for 
every project.
2. Availability of computer-aided facility 
to design every project.
3. Availability of Design expert for expert 
opinion
4. Availability of Previous Design for 
Design Reference
3. Procurement (Supplier 
Relationship Management, 
Material Management)
1. Sharing and transferring knowledge 
with clients, customers and suppliers.
2. Implementation of material 
management at project level.
3. Availability of specific documentation 
to support the implementation of 
material management (e.g. file 
documents, database, etc).
4. Measurement of material management 
cost and benefits.
5. Availability of Procurement Procedure 
and Tips
4. Construction (Cost-Schedule 
Control, Risk Management)
1. Control of cost and schedule based on 
the master plan.
2. Appropriate actions taken based on the 
cost and schedule control for every 
project.
3. Implementation of risk management at 
the project level.
4. Implementation of Crisis Management 
at the project level
5. Management of workers ’ compensation 
based on regional standard.
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ration
bility,
tion)
6. People (Training, Productivity 
Measurement, Multiskilling)
7. Organization (Project team, 
Work Structures, Quality 
management, Identification of 
Barriers)
8. Project 
Packaging)
Control (Work
9. Contract
10. Safety, Health and 
Environment (Safety Design, Zero 
Accident Techniques)
11. Information Management and 
Technology System
design for 
measure project
1. Availability of 
maintainability to 
performances.
2. Management of planning for startup to 
ease collaboration work of projects or 
teams that are physically separated (i.e., 
different work sites).
3. Availability of construction problems 
database to support the operation._____
1. Availability of formal and informal 
training to keep employeesN skills 
current.
2. Sufficiency of resources to ensure 
multiskilling of employees at the project 
level.
1. Identification of barriers for 
implementation ofproject team.
2. Management of the organizational 
work structure at the project level.
3. Implementation of quality management 
at the project level.
4. Identification of barriers to the 
implementation o f products and 
services based on planning and design.
5. Ability to adapt products and services 
to client's requirements._____________
1.
2.
Implementation of systems for change 
management.
Availability of written process for work 
packaging implementation within the 
project.___________________________
1.
2.
Availability of written process for
project delivery and contract strategies 
within the project.
Usage of project incentive at the project 
level.
1. Implementation of zero accident 
techniques at the project level.
2. Implementation of design for safety for 
every project.
1. Automatic identification of 
barriers/problems for project processes 
(design, control, crash program, etc)
2. Using information technology for 
standard control (software application: 
Primavera, Microsoft Project, ETABS, 
SAP2000, etc).
3. Utilization of website and portal for
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knowledge creation, dissemination and 
sharing.
4. Utilization of wired and wireless 
technology to support information and 
knowledge management.
1. Implementation of international 
standards to improve the competitive 
advantage.
2. Ability to capture employeesN 
knowledge from other sources (i.e., 
other business enterprises, industrial 
associations, technical literature, public 
research institutions including 
universities and government 
laboratories).
2. Knowledge Management Activities
KM Activity Category Activities
1. Pre-project, project progress 
and post-project meetings
1. On-Site Meeting
2. Monthly Progress Meeting
3. Management Meeting
2. Mentoring Activities 1. Informal discussion on conceptual 
design
2. Informal discussion on project problems
3. Monthly and Yearly Performance 
Evaluation
3. Partners and Experts 
Discussion
1. Discussion with other Consultants
2. Discussion with Senior Managers
3. Discussion with Sub-contractors
4. Reading Proposals and 
Working Papers
1. Review Preliminary Project Proposal
2. Review Monthly Project Report
3. Review Rejected Proposal
5. Informal discussion 1. Discuss complaints
2. Discuss change requests
3. Discuss Discipline and Dispute
4. Discuss Delays
6. Reading Physical 
documentations and 
drawings
1. Reading Layout Plan
2. Reading Architectural Plan
3. Reading Building Plan
7. Reading Books, Magazines, 
Newspaper and Guidelines
1. Project Management book
2. Construction Magazines
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lualsr 1. Bill of Quantity (BQ)2. Supplier's Price List3. Quotations
4. Tender Documents
5. Contract Documents
9. Accessing the Internet 
resources
1. Supplier's Price List and Comparison
2. Construction Standard
3. Company's Profile and Websites
4. Article on Construction Innovation
10. Accessing the associations or 
government bodiesNwebsite 
or portal
1. Finding the guidelines from CIDB
2. Finding partners and member of 
association such as Board of Architect, 
Board of Engineers and Board of 
Surveyors
11. Attending Seminar and 
Conference
1. Training to use Autocad
2. Training to use Primavera
3. Training to use Microsoft Project
4. Training to use Microsoft Office
5. Network Training
3. Barriers or challenges in the implementation of knowledge management
Barriers Category Descriptions
1. Misunderstanding of KM 
concepts
1. KM usually understood as Document 
Management.
2. Knowledge Portal captures tacit knowledge 
only.
3. KM is about sharing knowledge in Seminar, 
Intellectual discourse only.
4. Knowledge is not consistent, thus it is 
difficult to manage.
2. Not Enough Time 1. Time spent on the project management is 
considered more valuable and critical compared 
to managing knowledge.
2. A lot of time spent for routine and manual 
works.
3. Not enough money 1. Budget is very tight, mainly used for project 
management, design and consulting activities.
2. There is no allocation for knowledge 
management in most companies. Thus no 
specific person in-charged is planning and 
implementing the knowledge management 
efforts.
4. Not willing to share problems 1. Problems are not capture in written form,
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5. Lacking of Team Working 
Culture
6. Lacking of Management 
Support
7. The cultural and political 
interference
8. Staffs are not ready
9. No Expertise
thus make it quite difficult to share.
2. Many problems are not known to the 
company since it reflects the performance of the 
staff.
1. The project team is quite independent, thus 
the interaction is not so important.
2. Lacking of training and awareness on Team 
Working culture.__________________________
1. Management members are lacking of KM 
knowledge, thus difficult to get their support.
2. KM is not considered as an important 
element for the company to be more 
competitive.
3. Management members are busy. Most of 
them are doing the consulting works._______
1. Construction in Malaysia especially for 
government projects is very political oriented. 
Interfering from Politicians always change the 
decision on the project specification. Thus 
maintaining the international and best practice 
standard is quite difficult.
2. Inconsistent and high demand of Customer's 
requirements limits the profit margin of the 
consulting works._________________________
1. Staffs are not exposed to KM concept and 
activities.
2. Lacking to access to international standard 
and best practices.
3. Still afraid to share knowledge because of the 
negative mindset.
1. There is no dedicated person in the company 
to take charge of the KM planning and 
initiatives.
2. There is lacking of KM experts in 
construction industry who can advice on KM 
concept and implementation strategy.________
4. External and internal environmental factors that have impacted knowledge 
management.
Category of Environmental 
Factos
Descriptions
Internal:
- Awareness and exposure to 
KM concepts
1. Lacking of training and awareness program 
on KM concepts
2. Lacking of requirements on complying the 
standards and best practices.
^ P D F^Com ple te
Click Here to upgrade 
Unlimited Pages and £
Your complimentary 
use period has ended. 
Thanif you for using 
PDF Complete.
- Culture
- Commitment from 
management
250
- Incentive or reward for the 
staff
- Openness or willingness (more 
on trust) to share and listen
- Commitment from employee
3. Meeting the client's requirements and needs 
are more important and critical._____________
1. Most of KM activities such as discussion on 
best practices, problems or standards initiated 
by a personal interest, not through a company's 
planned programs.
2. Most of consultants are not interested in KM 
because of the negative mindset and wrong 
understanding of the benefits on KM.________
Negative Culture:
1. Sharing knowledge is not important
2. Not willing to change to new environment
3. Everything must be fast, no time for 
referring and standardizing.
4. Quite selfish - just to complete a personal 
task and responsibility.
5. Lacking of helping spirit
6. Lacking of creativity and willingness to 
improve.
Positive Culture:
1. Customer F irst Principle will motivate the 
staff to deliver the best services.
2. Willing to listen to advice
3. Willing to respect knowledgeable and 
experience people
4. Willing to listen to instruction__________
1. Most of the management members are very 
busy and not much time is devoted to planning 
to improve the company's management.
2. Management of a company focus more on 
getting projects and making fast profit without 
concern on long term planning.
3. A very challenging business environment 
makes the management lost focus.___________
1. Lacking of incentives for those who 
contribute to knowledge
2. Lacking of a good reward system
3. Company tries to maximize staff effort 
without sufficient pay.________________
1. Lacking of trust, especially whenever there 
are mistakes done.
2. Unwilling to share problems just because 
they donl^ feel important._________________
1. Lacking of commitment from employee for 
KM activities since most of the employees 
are not knowledge-based workers -  they 
are working based on routines, not on new 
knowledge.
2. Most of employees do not have sense of 
ownership, thus lacking of initiatives to
9PDF
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opportunity and rules
- Business-politics culture
- Association Encouragement
- Business factor/ competition
improve the business.
1. Corruptions in managing project 
management will affect the quality of project.
2. Many small consulting companies are relying 
on government projects.
3. Government policy such as rotation of 
projects awarded can help to sustain the small 
and medium size consulting business._________
1. Negative competition culture such as try to 
intervene the awarded project to other company 
affects the quality and standard of the 
construction project.
2. Big companies usually have more 
opportunity to bid with lower price compared to 
small company, thus affect the quality and 
standard of the construction project.
3. The internal problems of the company the 
company such as dissatisfaction of staff might 
affect the quality of the project.
1. Some of the advantages of joining the 
association such as Board of Architect, 
Engineers and Quantity Surveyor are the 
opportunity to get information on the projects, 
incentives and group visits and opportunity to 
share knowledge and experience among the 
members of the association.
2. The recommendation from the association 
usually gives extra points to the company in 
tender process.
3. Lacking of initiatives to create databases of 
best practices, successful projects, failed 
projects, project risks and problems. However, 
there are some initiatives to create resource 
center for some of the standards, journal and 
books.
Positive:
1. Non-government project usually demand 
high quality and standard. Thus the knowledge- 
based consultant shall have more opportunity to 
get the job.
Negative:
2. Government project usually involved 
corruption and do not comply to high standard. 
Thus non knowledge-based consultant who has 
political relationship shall have more 
opportunity to get the job.__________________
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1. Majority of big construction projects are 
government project. As such, the requirement 
of the global quality and standard is not the first 
priority.
2. Private construction projects are usually 
small and not many. The demand of the private 
sector on high quality and standard compliance 
are higher.
1. Most of the suppliers do not have website to 
provide searching of the material available.
2. Lacking of qpersonalized and customizedN 
material for special and best design.
3. Most of suppliers just provide material 
without added value knowledge on the 
construction.
4. IT facilities that are available in Malaysian Consulting Companies
Category of IT Facilities IT Facilities
Integration Capability o Integrated Network System
o Integrated Server System
o Email System
o Notice/Bulletin Board
Common Business Applications 
Software:
AUTOCAD for technical drawing 
Adobe Photoshop for design 
Microsoft Project for project management 
Accounting System for financial 
management
3 D-Revit for 3 D design
Specific Business Applications 
Software:
o Staadpro & Strap for structural drawing 
o Primavera for project management 
o Integrated Cost Management System 
(CMIS) for BQ management 
o Structural analysis & design software 
(ETABS, SAP 2000, STAAD Pro, 
ADAPT)
o ESTEEM - a reinforced concrete 
structural analysis, design 
o PROKON - a compete package of 
structural design and analysis software 
o Geotechnical and water resources software 
(GEOPRO) 
o Multiple reservoir operation simulation 
models software 
o Steady and unsteady state open channels
o
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Collaboration capability
Security capability
Utility capability
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o
o
o
o
o
o
o
network hydraulic analysis software 
Water reticulation network analysis 
software
Water hammer analysis software
Hydrological models software
WaterCAD - a complete water distribution
analysis and design tool
PDS (Highway, Infrastructure & Ground
Modelling)
Plaxis (2D and 3D Finite Element)
SAFE 2000 (Soil-Structural Finite 
Element)
MIKE 11 (River Modelling Software) 
Digital photographic equipment 
GPS systems
MCACES - Gold - Micro-computer Aided
Cost Engineering System
SHOCK - Blast load analysis program to
calculate the impulse and pressure on blast
surface
NONLIN V 1.0 - Structural Dynamical 
and Earthquakes Engineering Analysis 
program
FRANG - Calculates gas pressure inside a 
room generated from internal explosion 
RAD - Rigid Airfield Design (RAD)
o Construction Unit Rates Database
o Subsurface Information Database
o Developers Database
o Specialists Database
o Accredited Contractors Database
o Specifications database
o Bills of Quantities database
o Galleries database
Intranet capability for sharing of technical 
documents and other electronic resources 
Digital Library for technical and research 
journals, conference papers, academic 
references, technical videos
o Backup
o Computer Password
o Anti-spy ware
o Uninterrupted Power Supply
o Provide IT Training 
o Provide Technical Support
o
o
o
o
o
o
o
o
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n the implementation of IT in Malaysian Consulting
Category of Barriers Descriptions
- Cost constraints 1. IT infrastructures are still expensive for 
small and medium size consultant; such as 
server, security software, database 
management software, networking and 
technique staff.
2. Many IT projects failed. Most of the 
consulting companies are reluctant to 
implement IT because they believe that 
without proper planning, expertise and 
support, it can cause failure and wasting of 
money.
3. Low profit margin does not allow 
allocation for supporting element such as IT. 
They gave to cover the basic overhead.
- Insufficient enforcement from 
government and client
1. Lacking of standard and policy 
enforcement from the government such as 
enforcement on transferring data though 
email, updating status through portal, report 
the project problems through online system 
or having digital BQ.
2. Clients are more IT illiterate. Without IT 
knowledge, most of them communicate 
manually and required hardcopy of 
information.
- Other partners are not ready 1. The whole supply-chain is not ready for 
IT environment such as the suppliers are 
lacking of willingness to maintain digital 
high standard and quality of material.
2. Many consultants are still working in 
manual environment which is quite difficult 
to manage knowledge such as quantity 
surveyor._____________________________
- Insufficient awareness on ITI 
Capability
1. Lack of IT knowledge especially in 
technical knowledge among the staff.
2. Not willing to invest on IT staff and IT 
implementation due to the small size of 
business.
- Not enough time for information 
update
1. Since most of the works are done 
manually, there is not enough time to update 
the information in the system.____________
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1. Software for collaboration and sharing of 
information is not available with low cost. 
Most of the software is quite expensive and 
high maintenance.
2. Maintaining data in high reliability 
database is quite costly. The need for 
database and system administrator is crucial 
but quite costly.
3. Intelligent software embedded with the 
standards, best practices, rules and 
regulation is very limited._______________
6. Barriers or challenges in achieving a successful project performance
Category of Barriers Descriptions
- Business Opportunity and Culture 1. Number of project in parallel with short 
datelines usually reduces the opportunity to 
have successful project performance due to 
limited resources and time.
2. The mindset that quality is not the main 
priority will affect the project performance.
3. The corruption cultures will affect a lot on 
the successful project performance.
4. The high tolerance of government project 
manager usually affects the targeted cost, 
time and quality of the project.
- Government/Political direction and 
rules
There is lacking of clear directions from the 
government on the priority and enforcement 
to comply the successful project 
performance criteria.
- Dynamic project timeline and 
requirement
The changes and alterations in project 
specification is not controlled and managed 
properly, thus affect the time frame and cost 
of the project.
- People (i.e. interest and 
commitment)
Clients, partners, government entities and 
suppliers are lacking of interest and 
commitment to achieve successful project 
performance. They have other priorities such 
as minimum cost and time.
2. Lack of reading and research attitude 
limits the creativity and innovation in
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- Lack of Staff Training
- Lack of knowledge on best practice
- Lack of knowledge on IT and KM
achieving project performance.
1. Research and Development is considered 
extra cost to the companies. Without 
understanding its functions, it will not be 
part of the companiesNobjective.
2. Lack of successful collaboration between 
consulting companies and research body 
such as Universities and research centers to 
undertake the research activities to improve 
current problems of construction projects.
1. Small allocation of budget to staff training 
limits the ability of the staff to ensure the 
projects are of high performance.
2. Some of the companies are not aware of 
the latest training available in the market.
3. Most of the professional trainings are 
quite expensive.________________________
1. Lacking of discussion and meeting with 
construction experts.
2. Lacking of access to the expert to get the 
best practices through internet.
3. Lacking of culture in referring to 
international journals on the best practices.
1. Lacking of IT-based project management 
tools in the companies such as monitoring 
tools to monitor the projects, cost and 
quality control tools.
2, Lacking of knowledge management 
activities limits the access to the best 
practices and experts, thus affect the project 
performance.__________________________
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Project Performance in Construction Consulting Companies based on 
Knowledge Management, Information Technology Infrastructure
1Wan Maseri, 2Amran Rasli, 3A. N. Abdalla, 3Razali R.
Abstract: Construction consulting companies are among the critical players in 
ensuring the success of construction projects. This paper has attempted to address the 
issues of knowledge management (KM) and IT infrastructure contribution to project 
performance (PP) in construction consulting industry. The link between knowledge 
management, IT infrastructure and project performance was conceptualized in a way 
that KM, IT infrastructure contribute to PP. Then, a factor analysis, impact ratio, 
correlation as well as multiple regressions were used to model the relationship 
between KM, IT infrastructure and PP. The analytical result shows positive 
relationship between Knowledge Management, Information Technology 
Infrastructure and Project Performance, through the analysis of regression function,
i.e. PP for Construction Consulting Company can be predicted from the 
implementation of KM and IT Infrastructure. The proposed method provides best 
model for Construction Industry to implement effective KM initiatives and 
Information Technology Infrastructure, to support project performance.
Keywords: Knowledge management, Information Technology Infrastructure, 
Construction project performance.
1. Introduction
Construction industry plays an important role in the development of a 
country. The importance of the construction industry lies in the function of its
products which provide the foundation for industrial production, and its impacts 
on the national economy cannot be measured by the value of its output or the 
number of persons employed in its activities alone [1]. Despites the importance 
of the industry, it faces many problems such as not receiving enough co­
operation, limited trust, and ineffective communication often resulting in an
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claims, cost overruns, litigation, and a win-lose climate [2]. The construction 
industry's problems seem to be universal. For example, a survey done by [3] 
revealed that about 33% of architecture/engineering projects miss cost and 
schedule targets. These show that the construction projects are facing major 
problems in achieving its targeted budget and time. Furthermore, [4] stated that 
construction industry in UK was still under-achievement since there were 
growing dissatisfaction among both private and public sector clients. 
Construction projects were hardly seen to be on time, budget and meet standards 
of quality expected. In addition, highlighted in the report that one of the main 
problem in world construction industry is poor project organization; a lack of 
attention to the details relating to project structure, communication, and execution.
As such, more strategic approach in managing construction projects 
should be derived, and knowledge management and IT infrastructure are seem to 
be among the future determinants for a successful construction project [5,6].
The purpose of this study is to investigate whether Knowledge 
Management and IT infrastructure could influence the Project Performance in 
construction consulting industry. First, a conceptual framework has been 
established based on the existing literature and then a predetermined instrument 
was developed to collect data for analysis. Then, the research hypotheses were 
developed prior to conducting the research. The first part of data analysis is to 
test the reliability and normality of the data collected. Since the data was reliable 
and normally distributed, the parametric test was adopted. First, single mean t- 
test was conducted to investigate whether the level of KM, Information 
Technology Infrastructure (ITI) and PPis highly significant. Second, the 
relationships between KM and PP, and ITI and PP were tested using Pearson 
correlation analysis. Finally, multiple regression analysis was performed to find 
the best model to predict PP based on KM and ITI.
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Toiuwicugc—Lfianagcment in Construction Consulting Industry: There are 
two types of KM approaches; centralized and decentralized [5]. Decentralized 
approach is focusing on unique problems or issues which need special and 
strategic solution, whereas centralized approach focus more on operational, 
routine or general issues. Beside the centralized and decentralized approach, 
mature consulting firms with more experience and knowledge usually adopt 
codification approach whereby most of knowledge is stored in electronic 
database and is easily assessable, whereas, small and new companies mainly rely 
on tacit knowledge in individuals, thus applying opersonalizationNapproach. In 
[5], found that adopting a wrong approach of knowledge management could 
cause serious problems in an organization; thus, choosing the appropriate 
approach is crucial for the success of knowledge management implementation. 
The major application of KM in Construction Industry is initiated by a research 
on Construction Knowledge Areas sponsored by American Construction 
Industry Institute (CII). CII is a research organization that was formed in 
October 1983 with the mission of improving the competitiveness of the 
construction industry (CII, 2001). The knowledge areas are developed to 
measure the level of knowledge management implementation of project life 
cycle in the construction consulting companies. The knowledge areas identified 
by CII are Knowledge related to Frond-end Planning, design, procurement, 
construction, startup and operation, people, organization, project processes, 
project controls, contract, Safety, Health and Environment, and information 
management (CII, 2006).
Information Technology Infrastructure Capability: Various studies show the 
impact of IT Infrastructure to KM in managing a company's knowledge. For 
example, [6] stated that KM interacts with and is supported by IT Infrastructure 
capability which involving network and shared groupware application. Since 
Knowledge Management is about transmitting and sharing, it needs the access 
sharing, dissemination, communication and collaboration of knowledge. To 
manage the knowledge, the company requires a specific set of IT infrastructure 
and knowledge should be easily transferred through communications network. A
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Project Performance: In recent years, significant research advancements have 
highlighted that the typical project performance indicators are still cost, time and 
quality [5,6]. Project cost is one of the main performance indicators for 
construction project. The construction cost includes both the initial capital cost 
and the subsequent operation and maintenance costs [8]. Project time is to 
match the resources of equipment, materials and labor with project work tasks 
over time. Good timing or scheduling can eliminate problems due to production 
bottlenecks, facilitate the timely procurement of necessary materials, and 
otherwise insure the completion of a project as soon as possible. In contrast, 
poor scheduling can result in waste of laborers and equipment. Delays in the 
completion of an entire project due to poor scheduling can also create havoc for 
owners who are eager to start using the constructed facilities [8]. Project quality 
is one of the important concerns for project owners and managers. With the 
attention to conformance as the measure of quality during the construction 
process, the specification of quality requirements in the design and contract 
documentation becomes extremely important. Quality requirements should be 
clear, measurable and verifiable, so that all parties in the project can understand 
the requirements for conformance.
3. Methodology
Sampling: The sampling which consists of the construction industry consultants 
were obtained from various construction consulting bodies such as Board of 
Engineers, Architect and Quantity Surveyor. The list includes 500 active 
consultants comprising of engineering, quantity surveying, architectural and 
project management consulting companies. A stratified sampling technique was 
used to ensure that all types of companies are selected. Through the stratified 
sampling technique, the sampling frame was categorized into engineering, 
quantity surveyor, architectural and project management. Subsequently, based 
on sample size defined by Israel (1992), a minimum target of 143 was
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r the study by using random sampling technique. The 
shown in Table 1.
Table 1: Sampling Frame
Type of Consulting 
Companies
No of company Percentage
Engineering 200 40%
Quantity Surveyor 125 25%
Architecture 125 25%
Project Management 50 10%
KM-ITI-PP Framework: The framework (Fig.1) shows that the level of all KM 
variables including KM Front-end Planning, KM Contract Management, KM 
Construction, KM Relationship and Material Management, KM People, KM 
Operation, KM Control, KM Technology and Safety and KM Resource and Standard 
are highly significant. Similarly, the framework also shows that the level of all ITI 
variables which are IT Integration Capability, Collaboration Capability, IT Data 
Management Capability, IT Security and Utility Capability and Other IT Capability 
are highly significantly. Also illustrates the level of importance of the independent 
variables in supporting the Project Performance whereby KM initiatives during start­
up & Operation is shown to be the most important factors influencing the Project 
Performance, followed by KM initiatives of People, KM initiatives for Resource and 
Standard issues, KM initiatives during front-end planning, KM Initiatives during 
Materials & Relationship Management, KM initiatives during project construction, 
KM initiatives during project control , KM initiatives during contract management 
and KM initiative for technology and safety. Whereas for ITI, the framework shows 
that IT Security and Utility Capability is the most important factors that influencing 
the Project Performance, followed by IT Integration Capability, IT Data 
Management Capability and Other IT Capability. However, IT Collaboration 
Capability is not proven to be an important factor that influences the project 
performance. This is supported by the fact that the consulting companies in Malaysia 
are relatively small and face-to-face collaboration is still found to be more effective 
than the IT-based collaboration.
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-  0.149(IT2) - 0.132(IT5) -  0.138(IT3) + 
0.252(IT1) + 1.706(Position) + 
4.032(Education)
Project
Performance
(Based on Project 
Scope#)
Position & 
Company Type
-----------V--------
Project Performance  
Variables 
(Dependent Va^ab les)
KM initiatives during front-end 
and pianning(KM3)
KM initiatives during start-up 
& Operation(KM1)
KM initiatives o f People
KM initiatives for Resource 
and Standard issues(KM2)
KM Initiatives during Materials 
& Relationship Mgt. (KM4)
KM initiatives during project 
construction  (KM5)
KM initiatives during project 
control (KM6)
KM initiatives during contract 
management (KM7)
KM initiative for technology 
and safety  (KM8)
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Fig.1: KM-IT Infrastructure-PP Framework for Construction Consulting Industry
4. Results and Discussion
Descriptive Analysis: One hundred and thirty two consultants from the 
construction consulting companies were participated in the survey. Table 2 
shows the background of the consultant; most of the consultants are experienced 
with high level of education, where 61 having more than 10 years experience 
and 106 of them are degree holders.
&
IT A rc h ite c tu re
^PDFComplete
Click Here to upgrade 
Unlimited Pages and £
Your complimentary 
use period has ended. 
Thanif you for using 
PDF Complete.
263
2: Background of the consultants
TYPE OF COMPANY Frequency %
Valid
%
Cumm.
Percent
Quantity Surveyor 10 7.6 7.6 7.6
Civil Engineering 83 62.9 62.9 70.5
Architecture 19 14.4 14.4 84.8
Others 20 15.2 15.2 100.0
COMPANY
100% Malaysian 
ownership 128 97.0 97.0 97.0
Joint venture with 
foreign company 3 2.3 2.3 99.2
100% Foreign 
ownership 1 .8 .8 100.0
POSITION
Quantity Surveyor 15 11.4 11.4 11.4
Civil Engineer 76 57.6 57.6 68.9
Architecture 22 16.7 16.7 85.6
Others 19 14.4 14.4 100.0
WORKING
EXPERIENCE
Less than 5 years 42 31.8 31.8 31.8
5-10 years 29 22.0 22.0 53.8
More than 10 years 61 46.2 46.2 100.0
EDUCATION LEVEL
Diploma 11 8.3 8.3 8.3
Bachelor’s degree 106 80.3 80.3 88.6
Others 15 11.4 11.4 100.0
Reliability Test: Scale reliability coefficients using Cronbach's Coefficient Alpha 
was used to assess the consistency of homogeneity among items. Table 3 shows the 
Cronbach's alpha for KM and ITI factors. Since the Cronbach's alpha for all factors 
are greater than 0.7, all the items are considered reliable.
Table 3: Reliability statistics for KM, ITI and PP
Knowledge Management (KM) 
Factors
Cronbach's
alpha N  of items
Front-end Planning .7129 4
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Material and Relationship 
Management
People
Start-up Operation
Project Control
Technology and Safety
Resource and Standard Issues
IT Infrastructure (ITI) Factor
Integration Capability
Collaboration Capability
Data Management Capability
Security and Utility Capability
Other Capability.
Project Performance (PP) Factor
Time
Cost
Quality
Scope
.8300
.8572
.7175
.8412
.9080
.8367
.8658
.7935
Cronbach's
alpha
.9248
.8885
.9094
.8724
.8529
Cronbach's
alpha
.8207
.8378
.9119
.9278
N  of items
N of items
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Normality Test: Since the data collected has demonstrated statistically reliable, the 
Probability Plot was used to determine the distribution of the 18 variables. 
Probability Plot (P-P Plot) plots a variable’s cumulative proportions Cum Prop 
against the cumulative proportions of any of a number of test distributions. Based on 
probability plots, the 18 variables demonstrated normal distribution whereby the 
points cluster around a straight line indicates that the distribution of the all variables 
of KM, IT and PP are normal and thus parametric method can be used in further 
analysis.
5
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impact ratio, all items of KM, ITI capability and PP show greater degree of impact.
Factor Analysis: Construct validity using factor analysis was used to reduce and 
summarise data in which redundant items are combined and inappropriate items were 
deleted [9]. After the analysis, factors for Knowledge Management are classified as 
KM Front-end Planning, KM Contracts, KM Construction, KM Material and 
Relationship Management, KM People, KM Start-up Operation, KM Project Control, 
KM Technology and Safety, KM Resource and Standard Issues, and factors for IT 
infrastructure Capability are IT Integration Capability, IT Collaboration Capability, 
IT Data Management Capability, IT Security and Utility Capability and Other IT 
Capability, whereas factors for Project Performance are Project Time, Project Cost, 
Project Quality and Project Scope.
Correlation Analysis: A Pearson correlation analysis was performed between 
project performance and the other nine variables of KM and six variables of ITI 
Capability. The result of correlation analysis between the project performance and 
KM shows that all coefficient are moderately large with p-values all achieve a high 
level of statistical significance at p<0.000 (which means p<0.005). Therefore, all 
nine variables of KM are significantly and positively correlated with project 
performance. The highest Pearson correlation value is .531 for KM initiatives during 
project operation, while the lowest Pearson correlation value is .380 for KM 
initiative for technology and safety. The correlation analysis showed that the order of 
correlation for variables from highest to lowest, is as follows: KM initiatives during 
project operation (Pearson value=.531), KM initiatives of the people (.476), KM 
initiatives for Resource and Standard issues (Pearson value=.470), KM initiatives 
during front-end and planning (Pearson value=.458), KM initiative during 
Relationship and Material management (Pearson value=.449), KM initiatives during 
project construction (.436), KM initiatives during project control (Pearson 
value=.410), KM initiatives during contract management(Pearson value=.398) and 
KM initiative for technology and safety (Pearson value=.380).
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all achieve a high level of statistical significance at p<0.000 (which means p<0.005), 
except IT Collaboration capability with Pearson correlation value of 0.008. 
Therefore, four variables of IT infrastructure are significantly and positively 
correlated with project quality. However one variable which is IT Collaboration 
capability is not significantly and positively correlated. The highest Pearson 
correlation value is .421 for IT Security and Utility Capability, while the lowest 
Pearson correlation value is .284 for Other IT Capability. The correlation analysis 
showed that the order of correlation for variables from highest to lowest that affected 
project scope is as follows: IT Security and Utility Capability (Pearson value=.421), 
IT Integration Capability (Pearson value=.362), IT Data management Capability 
(Pearson value=.297) and Other IT capability (Pearson value=.284).
Regression Analysis: To find the best relationship model, multiple regression 
analysis has been conducted. Based on the multiple regression analysis as shown in 
Table 4, there is an apparent statistically significant linear relationship between the 
combination of KM and ITI variables of the dimensions of Project Performance. 
Furthermore, all four models recorded absence of multicollinearity problems among 
the independent variables. However, based on Durbin Watson's value (< 2.00), three 
(3) regression models (Project Time, Project Cost and Project Quality) show some 
model misspecification. The misspecification error might due to the fact that the 
independent variable which is not positively correlated with the dependent variable 
has also been included in the multiple regression process. The future research shall 
consider the correction of the misspecification issues. For the purpose of this study, 
the regression function of dependent variable with no misspecification error which is 
Project Scope is identified as the function to be used to predict Project performance 
based on Knowledge Management and IT infrastructure Capability.
The framework in Fig.1 shows that Project Scope is identified as the dependent 
variable which can be used to reflect the project performance. Project scope refers to 
the project master plan which consists of project goals, missions and the quality 
parameters. Regression function of Project Scope (Eq.1 in Table 4) provides us with 
valuable information on the contribution of each knowledge management and IT
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ect performance. Based on the theory behind the Eq.(l), 
d Planning, KM Operation, KM Resource and Standard,
KM Relationship and Material Management, IT security and Utility, and Level of 
Education show an increasing return to scale. On the other hand, IT Collaboration 
capability and IT Data Management Capability show decreasing returns to scale. 
Table 4: Multiple Regression Analysis
Dependent Independent Regression Function
Durbin
Watson
Project
Time
KM Contract Management, 
KM Relationship and 
Material Management, IT 
Integration, IT 
Collaboration, IT Security 
and Utility.
PP Time = 17.608 + 0.255(KM 
Contract Management) + 
0.278(KM Relationship and 
Material Management) + 
0.176(IT Integration) -  0.118(IT 
Collaboration) + 0.206(IT 
Security and Utility)
1.887
Project
Cost
KM Front end Planning, 
KM Operation, KM 
Relationship and Material 
Management, IT 
Integration
PP Cost = 18.401+ 0.181(KM 
Front end Planning) + 
0.175(KM Operation) + 
0.243(KM Relationship and 
Material Management) + 
0.129(IT Integration)
1.737
Project
Quality
KM Front end Planning, 
KM People, KM 
Technology and Safety, 
KM Relationship and 
material Management, IT 
Collaboration, IT Security 
and Utility
PP Quality = 7.183 +
0.155(KM Front end Planning)
+ 0.105(KM People) + 
0.176(KM Technology and 
Safety + 0.346(KM Relationship 
and material Management) -  
0.089(IT Collaboration) +
0.201(IT Security and Utility)
1.929
Project
Scope
KM Front end Planning, 
KM Operation, KM
PP Scope = 4.843 + 0.248(KM 
Front end Planning) +
2.017
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0.267(KM Operation) +
0.110(KM Resource &
Standard) + 0.122(KM
Relationship and material
Management) -  0.149(IT
Integration) - 0.132(IT
Collaboration) -  0.138(IT Data
Management) + 0.252(IT
Security and Utility) (1)
5. Conclusion
Based on the use of quantitative research methods, the results of this 
study have a higher degree of consistency and statistical accuracy that helps in 
having a better understanding of not only the important elements of Knowledge 
Management, IT Infrastructure and Project Performance required for 
Construction Consulting Companies, but also as to how they inter-relate with 
each other. The management of Construction Consulting Companies should take 
the advantage of KM and ITI infrastructure to support Project Performance. 
However, more efforts should be initiated to improve the significance of IT 
Collaboration in construction consulting companies since the study does not 
show a significant benefits to the companies. Therefore, it is recommended that 
Construction Consulting Companies should develop strategies for change of 
organizational policy and culture to stimulate the implementation of Knowledge 
Management and IT infrastructure to facilitate project performance. As such, 
government bodies together with companies should work together to derive 
methodologies and approaches to facilitate the creation of Knowledge and IT 
environment in consulting company.
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Project Performance Framework: The Role of Knowledge 
M anagement and Information Technology Infrastructure
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Abstract
The paper proposes to investigate whether Knowledge Management (KM) and 
Information Technology Infrastructure (ITI) affect the Project Performance (PP), as 
well as to identify factors and barriers that influence the implementation of KM and 
ITI to support PP in Construction Consulting Company. Seven consultants from 
Malaysian construction consulting companies have been involved in the qualitative 
research process which was blended with the case study design. Significant patterns 
and themes are identified and presented in this chapter. A conceptual research 
framework based on the qualitative analysis on how IT and KM support project 
performance was proposed. The model comprises of four major components: 
knowledge management, ITI capability, project performance and factors and barriers 
that influence the implementation of KM and ITI capability to support project 
performance. Extensive empirical analyses in the real world environment in other 
industries would be helpful to verify and generalize this approach. This study 
provides guidelines for Construction Industry to implement effective Knowledge 
Management initiatives and Information Technology Infrastructure to support project 
performance.
Keywords: Knowledge management, Information Technology Infrastructure, 
Construction project performance,
Paper type: Research paper
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The construction industry is a very competitive and risky business. It faces 
many problems such as not receiving enough co-operation, limited trust, and 
ineffective communication often resulting in low project performance. This type of 
problems is likely to result in construction delays, difficulty in resolving claims, cost 
overruns, litigation, and a win-lose climate (Moore et al, 1998). The construction 
industry's problems seem to be the same from all over the world. A survey reveals 
that about 33% of architecture/engineering projects miss cost and schedule targets. A 
case study indicates that costs increased 9.2% and schedules increased 23.3% on 
average for four environmental and engineering projects. A report also says that the 
median cost increase for design projects is about 10%. These show that the 
construction projects are facing major problems in achieving its targeted budget and 
time (Chang, 1997).
1.1 Project Performance
Based on the issues and challenges stated above, various studies have been 
conducted to improve the performance of the construction project. In measuring the 
project performance (PP), performance indicators need to be identified. In recent 
years, significant research advancements have highlighted that the typical indicators 
for construction project performance are cost, time and quality (Gomar et al. 2002; 
Feng et al. 2000; El-Rayes 2001; El-Rayes and Moselhi 2001; Hegazy and Ersahin 
2001; Hegazy andWassef 2001; Leu and Hwang 2001; Jaraiedi et al. 1995; Ellis and 
Amos 1996; El-Rayes and Hyari 2004). Based on the above studies, the 
characteristics of construction project performance can be categorized as i) Time 
which can be explained further by the following: The time limit for the project is 
clearly stated, Project activities are executed in accordance to the time schedule, 
Project activities are carried out exactly as planned, The project is normally finished 
on time, The project meetings have well-planned agenda and The final date of 
project completion is clearly defined); ii) Cost which can be explained further by The 
financial limit for the project is clearly stated, Project executors conform to the 
planned cost schedule for all activities and The project is normally completed within
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project is accepted by those involved in the project, The project that fulfils its goals, 
the results will be beneficial for the end users, Project executor maintains all 
activities within quality parameters, The master plan is regarded as mandatory for all 
project participants (e.g., contractor, supplier, etc), The master plan clearly indicates 
who will be responsible for the various activities in the project, All key participants 
are involved in the detailed project planning, Project superiors (Top management, 
Steering Committee, etc) are accessible to the key executors whenever necessary, 
Project quality is well defined during its execution, The project meets its planned 
quality standard, The quality parameters for the project are clearly stated, All 
experiences gained through a project are discussed in a special meeting and /or in a 
final evaluation report and All relevant documents from the project are compiled in a 
separate end-of-project report or file.
1.2 Knowledge Management
There are several definitions of Knowledge Management (KM). However, the 
definitions can be summarized as the process of the creation, collection, organization, 
dissemination, and utilization of knowledge to turns an organization's intellectual 
assets, both recorded information (explicit knowledge) and the talents of its members 
(tacit knowledge) into greater productivity, new value and increased competitiveness 
in order to maximize an enterprise's knowledge effectiveness and returns from its 
knowledge assets (O'Dell, C. & Grayson, C.J., 1998; Newman, 1997; Choo, 1998; 
Murray, 1998; Skyrme, 1999; Wiig 1997).
1.3 Knowledge Management in Construction Consulting Company
Project performance (PP) is directly affected by the management approach of 
the project. Most of the construction projects are managed by the professional and 
independent consultants such as architects, engineers, surveyors and project 
managers in order to minimize the above project risks and to ensure high project 
performance. Recent studies on KM strategies in management consulting companies
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id that there are several approaches in KM practices and 
. (1999) found that consulting companies do not take a
uniform approach in managing knowledge.
The major application o f Knowledge Management in Construction Industry is 
initiated by a research on Construction Knowledge Areas sponsored by American 
Construction Industry Institute (CII). CII is a research organization that was formed 
in October 1983 with the mission o f improving the competitiveness o f the 
construction industry (CII, 2001). The knowledge areas were developed to measure 
the level of knowledge management implementation in the organization. The CII 
Knowledge Areas are shown in Table 1.
Table 1: CII Knowledge Areas
No Knowledge Area Component
1 Front-End Planning 1. Pre-project planning
2. Early estimating
3. Modularization/Pre-assembly
2 Design 1. Design standard
2. Design effectiveness
3. Cost effective engineering
4. Computer-aided
3 Procurement 1. Supplier relationships
2. Material management
4 Construction 1. Cost and schedule control
2. Risk management
3. Managing worker compensation
5 Startup and 1. Design for maintainability
Operation 2. Planning for start-up
6 People 1. Management o f education and training
2. Productivity measurement
3. Multiskilling
7 Organization 1. Project teams
2. Leader selection
3. Partnering
4.Organisation work culture
8 Project Processes 1. Quality management
2. Implementation of products
3. Benchmarking
9 Project Controls 1. Change management
2. Work packaging
10 Contracts 1. Project delivery and contract strategies
2. Use o f project incentive
11 Safety, Health and 1. Zero accident techniques
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13 Globalization 
Issues
2. Design for safety
1. Automatic identification
2. Electronic commerce
3. Fully integrated and automated project process
4. Wireless technology
5. Automation and robotics 
1.International Standards
2. External source o f knowledge
3. Knowledge protection_____________________
Source: Construction Industry Institute (2006)
1.4 Information Technology Infrastructure Capability and Knowledge 
Management
Various studies show that Knowledge Management can be supported by IT 
Infrastructure (ITI) in managing a company's knowledge. For example, Weil and 
Broadbent (1998) stated that KM interacts with and is supported by IT Infrastructure 
capability which involving network and shared groupware application. Since 
Knowledge Management is about transmitting and sharing, it needs the access 
sharing, dissemination, communication and collaboration of knowledge. To manage 
a company's knowledge requires a specific set of IT infrastructure and knowledge 
should be easily transferred through communications network. A well-defined 
architecture and standard of data and applications ensures enterprise-wide 
compatibility of system (Well and Broadbent, 1998). Kim (2001) defined 
Information Technology Infrastructure Capability as Integration Capability, 
Collaboration Capability, Data Management Capability, Data Security Capability 
and Basic IT Services Capability as illustrated in Figure 1.
Integration
Capability
Security
Capability
IT Human SkillsI
Collaboration
Capability
Utility
Capability
Data Management 
Capability
Other Capability
Figure 1: ITI Capability Concepts (Adopted from: Kim, 2001)
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linking of individual IT components and services for the purposes of sharing 
software, communications and data resourcesS (Keen, 1991). The second ITI 
capability is Collaboration capability which refers to mutual efforts by two or more 
individuals in order to perform certain tasks. Collaboration capability improves 
group working and knowledge sharing (Keen, 1991). The third ITI capability is Data 
Management capability which refers to the ability to manage organization's data 
effectively. Data has become an important organizational resource. Data Security is 
another key capability to be highlighted which refers to the procedures, policies, and 
technical configurations used to prevent unauthorized access, alteration, theft or 
physical damage to data and system. This became a critical issue in ITI Capability 
with the advent of the internet. In a broader sense, security includes disaster 
management and recovery planning management (Weil and Broadbent, 1998). 
Another aspect o f IT infrastructure capability is a common IT services to facilitate 
IT implementation which can be referred as ITI Utility. For example, some 
capabilities such as IT planning, IT support, IT education and training to end-users 
are needed regardless of business type or which knowledge management model they 
are using. These capabilities can be considered as a utility (Weil and Broadbent, 
1998). Beside the above capabilities, there are other ITI capabilities that are difficult 
to be categorized into a specific concept. Thus, these capabilities are categorized into 
Other ITI capability. Finally, all these capabilities are combined by IT human skill to 
provide unique services to the organization.
1.5 Research Gap
The literature review uncovered the following four (4) critical models for the 
study. The first model is CII Knowledge Area which demonstrates the components of 
knowledge area and KM indicators in construction industry (CII, 2004). The second 
model is the components of ITIC as introduced by Kim (2001). The third model 
demonstrates the components o f PP; time, cost and quality (Atkinson, 1999). And 
finally, the fourth model demonstrated the combination o f Knowledge and 
Information Resources as the critical success factors of Strategic Management for 
Construction Industry (Meredith, 1999).
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KM, ITIC and PP. Thus, the research intends to reduce these gaps; to explore the 
relationship between KM and PP and relationship between ITIC and the best model 
combining these four (4) domain areas to produce a guideline for construction's 
consultant to implement KM and ITI to improve PP. The works o f the theorists 
propagating these models are viewed as important in the study on the relationship 
between KM, ITIC and PP.
2.0 Research Objective and Significance
The objective o f this study is to investigate whether Knowledge Management 
(KM) and Information Technology Infrastructure (ITI) affect the Project 
Performance (PP), as well as to identify factors and barriers that influence the 
implementation o f KM and ITI to support PP in Construction Consulting Company.
This study is intended to provide guidelines for Construction Industry to 
implement effective Knowledge Management initiatives and Information 
Technology Infrastructure to support project performance.
3.0 Methodology
The study adopted a qualitative research approach to explore the insight of 
the KM, ITI Capability and Project Performance implementation in construction 
consulting companies and derive a relationship. The study comprises of semi­
structured interview and document review.
3.1 Samples
The samples were identified from members of Malaysian Board of Engineers, 
Malaysian Board of Architects and Malaysian Board o f Surveyors and further 
recommended by the Malaysian Construction Industrial Development Board (CIDB).
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[iment body established to focus on the development of 
daysia. The main criterion used for the selection o f the
consultants is the level of KM and ITIC implementation in their companies as well as 
position and experience. There are seven consultants selected for the case study 
which comprise o f architects, civil engineers, quantity surveyors and project 
managers with high position and highly experienced. The background of the 
consultants is shown in Table 2. The right sampling is deemed crucial to derive a 
practical and acceptable KM and ITIC approach and model to be recommended and 
adopted by the Construction Consulting Companies.
Table 2: Background o f the Consultants
Con
sultant
Position, 
Experience and 
Education
Scope of 
Business
Products and 
Services
KM or IT 
Initiatives
A Senor Designer 
with 9 years 
experience and 
bachelor degree
Architecture Design
Services
Integrated 
Network 
System and 
Latest Software
B Architect with 12 
years experience 
and bachelor 
degree
Architecture Design
Services
Integrated 
Network 
System and 
Latest Software
C Senior Engineer 
with 5 years 
experience and 
master degree
Civil
Engineering
Design
Services
Engineering
Services
Structure
Analysis
Services
Integrated 
Network 
System and 
Latest Software
D Senior Engineer 
with 12 years 
experience and 
bachelor degree
Civil
Engineering
Design
Services
Engineering
Services
Intranet, Server 
System and 
Latest Software
E Managing Director 
with 15 years 
experience and 
Master degree
Civil
Engineering
Engineering
Services
Project
Management
Server System 
and Latest 
Software
F T echnical 
Manager with 7 
years experience
Quantity
Surveyor
Estimation
Services
Latest Software
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Project
Management
Project
Management
Engineering
Services
Estimation
Services
Integrated 
Network 
System and 
Latest Software
3.2 Research Design and Data Collection
A case study has been conducted to collect the information. The approach 
allowed the collection o f data not only through interviews with the consultants 
involved with the process, but also through written documentation that contained the 
stories, knowledge, experience used or written by these experts as part o f the project 
and organizational knowledge related to KM and ITI implementation (Orlikowski & 
Baroudi, 1991). This approach also allowed us to observe the system in situ, or from 
within the organization. We are especially interested in teasing out the cognitive 
frames as well as the various political and discursive moves that are both subjective 
and contextual. The basic premise of interpretive study is that all data are subjective, 
and one can attempt to study and analyze the data from the subject's perspective 
(Davidson, 2002; Orlikowski & Baroudi, 1991).
The data were collected from two main sources. First, all consultants have 
been interviewed based on the interview protocol prepared earlier. The interview 
protocol which comprises of 31 close and open ended questions was developed to 
focus on the key issues on KM, ITIC and PP. These interviews were conducted over 
a three-month period, in tandem with our analysis of archival data. Second, we 
examined online and offline archival data concerning the project. Most of the 
consultants maintained a comprehensive and voluminous archive. Data collected 
comprises of company profile, project-proposal reports, project reports, policy 
minutes and system documentation and promotional documents. The period covered 
was from 2005 to 2007, and this wide range of documents were especially useful in 
enabling us to understand how these consultants implement KM and ITIC in their 
companies.
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3.3.1 Knowledge Management Activities
There are several KM activities which have been practiced among the 
construction players in construction consulting industry to acquire, share and transfer 
knowledge among internal staffs, clients, customers and suppliers. Among common 
KM activities of the consultants are Informal Discussion, Mentoring Activities, 
Reading Supplier’s Manuals and Documents and Reading Physical documentations 
and drawings. The findings can be accepted since the activities are required for daily 
operations of consulting work. Furthermore, informal discussion and mentoring 
activities were found to have a positive relationship with knowledge transfer (Chang,
1997). Beside the above, the companies also manage their knowledge through Pre­
project, project progress and post-project meetings and accessing the Internet 
resources. However, not many companies practice KM activities such as Reading 
Proposals and Working Papers, Reading Books, Magazines, Newspaper and 
Guideline, Partners and Experts Discussion, Accessing the associations or 
government bodies ’ website or portal and Attending Seminar and Conference. The 
findings can be accepted since most o f the consulting companies do not have enough 
budgets for such activities due to small projects and furthermore there are 
insufficient awareness programs to promote such KM activities.
3.3.2 ITIC Facilities
Based on the findings from the qualitative study, ITIC facilities can be 
categorized into integration capability, data management capability, collaboration 
capability, security capability and utility capability. For integration capability, there 
are four companies which use email to communicate with their suppliers and clients, 
whereas only two companies which have an integrated network system and notice 
board and one company have an integrated server system. Table 4 shows the 
business application software used in various type of construction consulting 
industry. Business application software can be categorized into common and specific 
software. Among the common application software used in consulting companies are 
AUTOCAD which is commonly used for technical drawing, Adobe Photoshop used
^ P D F^C om ple te
Your complimentary use period has ended. Thanif you for using PDF Complete.
Click Here to upgrade 
Unlimited Pages and £
279
t used for project management, Accounting System used 
and 3D-Revit used for 3D design. Other application
software listed in Table 4, are used for specific purpose based on the type of 
construction project managed by the consulting companies. For data management 
capability, among the database used in consulting construction industry are 
Construction Unit Rates Database, Subsurface Information Database, Developers 
Database, Specialists Database, Accredited Contractors Database, Specifications 
database, Bills of Quantities database, Galleries database. For Collaboration 
capability, there are three companies have Intranet capability for sharing o f technical 
documents and other electronic resources, and only one company has established a 
Digital Library for technical and research journals, conference papers, academic 
references and technical videos. For Security capability, some o f the construction 
consulting companies in Malaysia practice backup, computer password, anti-spy 
ware and uninterrupted power supply. They also provide IT training and technical 
support to smoothen the IT-related operations.
Table 4 Construction Management Technology Tools
No Construction 
Technology tools
Components
Hardware Technologies o
o
o
o
o
Integrated Network System 
Integrated Server System 
Backup System 
Uninterrupted Power Supply 
Security System
Software Design Software. Example:
AUTOCAD for technical drawing 
Adobe Photoshop for design 
3D-Revit for 3D design 
Staadpro & Strap for structural drawing 
Structural analysis & design software 
(ETABS, SAP 2000, STAAD Pro, 
ADAPT)
ESTEEM - a reinforced concrete 
structural analysis, design 
PROKON - a compete package of 
structural design and analysis software 
RAD - Rigid Airfield Design (RAD)
o
o
o
o
o
o
o
o
Project Management Software. Example: 
______o Microsoft Project for project
1
2
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Databases
o
o
management
Accounting System for financial 
management
Primavera for project management
Cost Management Software. Example:
Integrated Cost Management System 
(CMIS) for BQ management 
MCACES - Gold - Micro-computer 
Aided Cost Engineering System
o
o
Simulation & Modeling Software. Example:
o Multiple reservoir operation simulation 
models software 
o PDS (Highway, Infrastructure & Ground 
Modelling) 
o Plaxis (2D and 3D Finite Element) 
o SAFE 2000 (Soil-Structural Finite 
Element)
o MIKE 11 (River Modelling Software) 
o Digital photographic equipment
Knowledge Based, Automation & Analysis 
Software. Example:
o Geotechnical and water resources 
software (GEOPRO) 
o Steady and unsteady state open channels 
network hydraulic analysis software 
o Water reticulation network analysis 
software
o Water hammer analysis software 
o Hydrological models software 
o W aterCAD - a complete water 
distribution analysis and design tool 
o GPS systems
o SHOCK - Blast load analysis program 
to calculate the impulse and pressure on 
blast surface 
o NONLIN V 1.0 - Structural Dynamical 
and Earthquakes Engineering Analysis 
program
o FRANG - Calculates gas pressure inside 
a room generated from internal explosion
o Construction Unit Rates Database
o Subsurface Information Database
o Developers Database
o Specialists Database
o Accredited Contractors Database
o Specifications database__________
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o
o
Bills of Quantities database 
Galleries database
3 Collaboration Tools o Email System
o Notice/Bulletin Board
o Electronic meeting systems
o Video-conferencing
o GroupWare
o Electronic bulletin boards
4 Intelligent Tools o Decision support tools using neural
network.
o Virtual reality.
o Genetic algorithms
o Intelligent agents
o Internet search engines
o Knowledge mapping
3.3.3 How KM and ITIC Influence Project Performance
It is apparent that most of the practitioners believed that KM and ITIC could 
improve the project performance through sharing of best practice, efficient sharing of 
project documentation, efficient project management and control, improve 
communication among customers, client, suppliers and contractors, improve the 
productivity o f the staff and reduce mistakes and errors.
3.3.4 Suggestion to improve the project performance in construction industry 
through KM and ITIC
In this study, the practitioners were asked to suggest how to improve the 
project performance. Within the context o f this study, pursuant to Table 3, the 
suggestions to improve the project management through the implementation o f KM 
and IT can be categorized into 5 categories includes management support and 
motivation, positive culture and government support, positive economic 
environment, latest information technology infrastructure and knowledge workers.
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ove the Project Performance in Construction Consulting
What suggestion do you have to improve the project performance in construction 
industry?
Management Support and Motivation:
- Top management should initiate and drive the KM and ITIC projects
- KM and ITIC implementation should be enforce in terms of policy and 
procedures
- Organization Structure of the company should support the implementation of 
KM and ITIC projects
- Management should provide incentives for staffs who involve in KM and ITIC 
implementation
- Management should provide enough budget for KM and ITIC projects
- Management should motivate all staffs to utilize KM and ITIC for project 
performance
Positive Culture and Government Support:
- Learning culture and personal interest to improve the knowledge
- Competition
- Level of education
Staff are Literate or knowledgeable (level of knowledge)
- Knowledgeable society
a) It is very important because the construction players will understand 
and respect each other based on their expertise.
b) The construction players have to deal with the government agencies 
and all people involved in the project including the society to make sure 
that the project goes smoothly.
- Government or professional body roles
The professional organizations or government must implement some 
rules such quality assurance and standards. The government and 
professional bodies have to ensure that corruption is not in place in the 
industry.
Positive Economic Environment:
- Financial factor/ budget
The allocation of budget for KM should be increased since knowledge is 
expensive especially for attending seminars, training, workshop journal 
etc and also to gain the latest information and technology.
- Market competitiveness
The construction players have to improve their business strategy with 
new knowledge and technology to be more innovative to win the project.
Latest Information Technology Infrastructure:
Information and Technology network and server should be established 
Databases system should be established for knowledge archival and sharing. 
(especially for the previous projects: design, analysis, documentation etc). 
Latest application software should be utilized such as software for technical 
drawing and design, BQ and project management.
Communication tools should be utilized such as portal, email or websites
Count
5
4
3
3
3
3
4
3
3
2
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level should be upgraded from time to time since 
more appreciate the importance of KM and ITI 
Staffs should be exposed to KM and ITIC activities and implementation 
since those who have been exposed to the environment of KM and ITIC will 
easily support and adapt the changes
A dedicated IT expert to manage ITIC to support KM and PP 
Inculcate positive attitude among the staff members since negative attitude 
to change will be the main obstacle for the implementation of KM and ITI
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2.3.5 Barriers in Implementation o f Knowledge Management and ITIC in 
Malaysian Construction Consulting Companies.
For better understand o f the barriers in the implementation o f KM in 
Malaysian Construction Consulting Companies, the question "Do you find any 
barriers or challenges in the implementation of KM in your company?Nwas posted to 
the participants. Among the responses from the participants are 1) Not enough time,
2) Not enough money, 3) Lacking of management support, 4) Lacking o f Team 
Working Culture among the consultants, 5)Not willing to share problems, 6) 
Misunderstanding of KM concepts , 7) Culture and political interference, 8) staff not 
ready and 9) no expertise . Most of the findings can be accepted and valid as 
supported by previous study done by Carlson (1999).
With regards to ITIC, as similar to other industry, in the construction 
consulting industry, there are barriers in the implementation o f ITIC. Based on the 
interview and, barriers that were identified are 1) Cost constraints, 2) Insufficient 
enforcement from government and client, 3)Other partners are not ready, 4) 
Insufficient awareness on ITIC Capability, 5) Not enough time for information 
update and 6) Relevant and accepted software is not available.
4.0 KM -ITI-PP Fram ew ork
Based on the data analysis, significant patterns and themes were identified 
and a framework of KM-ITI-PP has been derived as shown in Figure 2. Figure 2 
show that KM and ITIC are factors influencing project performance. However, there 
are internal and external push factors to be considered that influence the 
implementation of KM and ITI. Furthermore, barriers to the implementation o f KM
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f  the barriers were also identified to ensure that KM and 
rt the project performance.
The model in Figure 2 incorporates the qualitative findings as contextual 
factors that affect the degree of relationship between KM, ITIC and PP through out 
the project life cycle. The model proposed that the internal factors, external factors 
and barriers are elements that should be focused by the construction consulting 
companies to facilitate the KM and ITIC implementation to support PP.
Successful
Project
Performance
Barrier
Management
KM Activities
ITI Capabilities 
Support
KM & ITI
Management 
Support &
Motivation
Knowledge Workers
Internal Push 
Factors
Culture
Government Support
Positive Economic 
Environment
Latest Technology 
Support
External Push Factors
Figure 2: KM-ITI-PP Framework
4.1 Knowledge Management
The framework in Figure 2 shows that KM can influence PP in Malaysian 
construction consulting companies. The framework proposed that by implementing 
KM in construction project life cycle including during Front-end Planning, 
Construction Management, Start-up, Operation management, Organization 
Management, Globalization Issues, Supplier Relationship Management, Material 
Management for Procurement process and Work Packaging for project control, the 
project performance can be improved. This finding is supported by Meredith (1999) 
who found that there is a positive relationship between KM and the project success. 
Furthermore, Kim (2002) then confirmed through an empirical study that a
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ationship was found between the KM based on CII 
a addition, the use of change management and written
process during project control and operation is supported by Shin (2000) who found 
that one o f the components o f change management which is dispute management can 
be used during project control and operations to improve PP.
Figure 3: KM Initiatives Model for Construction Consulting Industry
4.2 IT I Capability Support
The framework in Figure 2 shows that ITIC facilities can influence PP. ITIC 
can be categorized into integration capability, data management capability, 
collaboration capability, security capability and utility capability. For integration 
capability, communication tools such as email can facilitate the communication 
between suppliers and clients. With regards to data management capability, 
construction companies should improve data management through establishing 
databases such as Construction Unit Rates Database, Subsurface Information 
Database, Developers Database, Specialists Database, Accredited Contractors 
Database, Specifications database, Bills of Quantities database and Gallery database. 
As for Collaboration capability, intranet system should be established to share 
technical documents and other electronic resources such as technical and research
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computer password, anti-spy ware and uninterrupted power supply to secure their 
information. As for IT Utilities, companies should provide IT training and technical 
support to smoothen the IT-related operations.
4.3 Internal Push Factors
The framework in Figure 2 proposed that management support and 
motivation as well as knowledge workers can be the main internal push factors that 
influence the implementation of KM and ITIC to support the project performance.
4.3.1 Management Support and Motivation
Management support and motivation factors are often viewed as important 
factors in the implementation o f KM and ITI capability to support project 
performance in the construction industry. Management support's primary focus on 
establishing a culture that respects knowledge, reinforces its sharing, retains its 
people, cultivate interaction, positive interpretation, trust and builds loyalty to 
organization. Management support is also focus on establishing a knowledge 
infrastructure and support system than enhances and facilitates the sharing and 
application of knowledge at the appropriate levels.
Among the suggestions which relates to management support and motivation 
are: top management should initiate and drive the KM and ITIC projects, KM and 
ITI implementation should be enforced in terms of policy and procedures, 
organization structure of the company should support the implementation o f KM and 
ITI projects, management should provide incentives for staffs who involve in KM 
and ITI implementation, management should provide enough budget for KM and 
ITIC projects and management should motivate all staffs to utilize KM and ITIC for 
project performance.
Dess and Picken (1999) also highlighted that for successful KM and ITIC 
implementation, management support and motivation must be sustained throughout
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external information and challenging the status quo.
In addition, Greengard (1998) insists that one o f the most important factors to 
successful KM and ITIC implementation is for senior management to recognize the 
importance o f development of KM and ITIC programs and policies to support project 
performance. By funding and sponsoring KM and ITIC programs, encouraging 
systemic innovation and making agility a personal priority, management can achieve 
better performance. Additionally, top management needs to focus on and adjust the 
ways in which employees and teams are rewarded. Strong top management 
commitment is expected to support the implementation o f KM and ITIC for better 
project performance. To institutionalize the way o f working and facilitate the 
organization's improvement efforts, management must use control and incentives 
mechanisms to motivate individuals to achieve desired objectives. Kirsch (2000) 
stated that control is exercised through mechanism such as incentives, norms, values 
and recommendations to motivate and guide individuals.
4.3.2 Knowledge Workers
The framework in Figure 2 also proposed that in construction consulting 
industries, domain knowledge workers such as consulting engineers or architects are 
key users and they are part of the functional team within the construction industries 
and they form an interface between the project team and end users during the project 
stage. Effective project team members are those who are knowledgeable about 
technology and the business and possess abilities to integrate their knowledge with 
others. They can represent the company image and directly affect the PP. The 
knowledge of a project team is important as they are consultant to provide expertise 
in areas which other team members lack knowledge (Barki, et.al., 1993).
Sharing and integrating knowledge across project team members is crucial for 
effective project management and therefore the recruitment of individual talent must 
be combined with team-building efforts (Kirsch, 2000). User should be part o f the
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user is likely to impede project progress and have negative repercussions on project 
outcomes (Kirsch, 2000).
The implementation of ITIC and KM in construction consulting industries 
also demands knowledgeable IT manager as well as IT specialists and they should be 
of part o f the project team members in the implementation of KM and ITIC. With 
strategic IT knowledge, the IT manager can play a role in the strategic decision 
processes in the project and may support monitoring o f the project. Strategic IT 
knowledge workers can plan and manage an organization, IT infrastructure and 
handle IT actions o f the competitors and the potential of emerging technologies for 
an organization's business (Armstrong and Sambamurthy, 1996). An IT manager 
with extensive strategic IT knowledge should be able to advise top management on 
IT issues such as investment inappropriate technologies, including the right IT tools 
to adopt, investment timing and scope of the implementation within the organization. 
IT specialists are often involved in requirement studies, systems selection, systems 
configuration, installation of hardware and software, prototyping and data migration. 
With their enhanced roles in systems configuration, the role of IT specialists is of 
particular importance in the data migration activity where data from old systems 
have to be loaded into the new systems with suitable modifications (Govindaraju,
1998). IT specialists should advice the construction management staff for the latest 
software available in the market and suitability with the organization's business 
needs. The model of knowledge worker is illustrated in Figure 4.
^PDFComplete
Click Here to upgrade 
Unlimited Pages and £
Your complimentary use period has ended. Thanif you for using PDF Complete.
289
Expose to 
KM and ITI 
concepts
Positive
Attitudes
High
Education
Level
Functional Team
Share & 
Integrate
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Supported and advised by IT Specialist and Manager
Knowledge Workers
Figure 4: Model o f Knowledge Worker for Construction Consulting Industry
4.4 External Push Factors
Beside the internal push factors, there are four external push factors that 
influence the implementation of KM and ITI to support successful project 
performance as shown in Figure 2. The external push factors are positive culture, 
government support, positive economic environment and latest technology support.
4.4.1 Positive Culture
The above model proposed that culture and government support can improve 
PP. According to O'Dell and Grayson (1998):
Culture is the combination of shared history, expectations, unwritten 
rules, and social moves that affects the behavior of everyone, from 
managers to mailroom clerks. It's the set of underlying beliefs that, 
while never exactly articulated, are always there to color the perception 
of actions and communications.
(OlDell and Grayson (1998: 71)
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It because true learning occurs among individuals 
! must be willing to share their tacit knowledge to have
an effective system. John Peetz, a consulting partner at Ernst & Young International, 
emphasizes this by saying:
True knowledge-sharing culture- one in which an individual will willingly 
rely on the work of another individual whom they have never met, and 
whose name they might not even be able to pronounce.
(March, 1997: 11)
Giovanni Piazza, a developer of Ernst & Young's KM systems, also echoes 
the importance of culture on the firm's knowledge system, when he said:
If people donT  ^want to share, they are not going to do it even if you have 
the best technology in the world. People wonl^ share if  they donl^ see 
what's in it for them.
(March, 1997:3)
These statements emphasize the point that the organization's culture must 
support sharing and provide an incentive to use the process (March, 1997; O'Dell 
and Grayson, 1998).
Furthermore, organizations need to enable their staff members to capitalize 
on their individual knowledge and share the knowledge and information with others. 
Research revealed that a major challenge for achieving this lies in promoting cultural 
change in organizations (Dhillon, 2001). The summary of positive culture is 
illustrated in Figure 5.
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Construction industry is the driver for economic growth. For example, in UK, 
construction accounts for 8% of GDP and 4.4% of GDP in the US. Thus, the model 
proposed that Government support such as policy, tangible and intangible incentives 
can influence in the implementation o f KM and ITIC among the construction 
consulting companies. Study on KM in China revealed that the government- 
sponsored economic and social reforms have encouraged domestic knowledge 
creation in terms o f both research and development activities in Chinese universities 
and entrepreneurial activities in the business sector (Burrows et. al, 2005).
Another study done by Cohen (1998) revealed that US government has 
emphasized the collection, distribution, reuse and measurement of existing codified 
knowledge and information in US which create the environment whereby the 
workers are expected to capture the essence of their experience, decide what is 
relevant and hence worth codifying, and spreading it throughout their organizations
4.4.3 Posi tive Economic Environment
The framework in Figure 2 proposed that positive economic environment is 
one o f the external factors that can support PP. In the knowledge based economy, 
future success will be based more on the strategic management o f knowledge 
compared to the strategic allocation o f physical and financial resources and (Bonora 
and Revang, 1993; Bontis, 1998). Castells (1992) concluded that we are witnessing 
the emergence o f a new "informational mode developments whereby information is 
as central to economic success as productivity and energy usage were in the previous 
eras. If there is one distinguishing feature o f the new economy that has developed as 
a result of powerful forces such as global competition, it is the ascendancy 
intellectual capital. To succeed in the economy, organizations and individuals need to 
both accept and adapt to an environment where intangible assets are a key driver in 
the economy. They need to develop new processes, cultures and behaviors that 
encourage the creation o f new knowledge, the sharing o f existing experience and
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utilization o f those assets for the benefit of all (Oxbrow,
ti  292
\i
PDF Complete.
Essentially, the investment decisions in the construction industries are 
conceived to meet market demands. Various possibilities may be considered in the 
implementation of KM and IT initiatives in the firm. Economic feasibility o f each 
alternative will be assessed and compared in order to select the best possible KM 
program and IT infrastructure investment to support PP.
4.4.4 Latest Technology Support
The framework in Figure 2 also proposed that the latest technology support is 
one o f the external factors that can improve PP. The demand for a more technology- 
based systems approach to manage construction project including planning, design, 
construction, maintenance and rehabilitation has motivated significant advances in 
the development of construction-related software. The technology-based system not 
only increase the automation o f the work processes, but at the same time facilitate the 
KM activities during the whole project life cycle.
The most valuable role of technology in construction industry is enhancing 
the speed o f knowledge transfer. IT enables the knowledge of individual or group to 
be extracted and structured, and then used by other members of the organization 
(Duffy, 2000). Most organizations capture significant amount o f data in highly 
structured databases (Frank et. al., 1999). The core value activity around business 
data is the ability to analyze, synthesize and then transform data into information and 
knowledge. Information is the outcome of capturing and providing meaning to the 
data. Information is typically stored in semi-structured content such as documents, e­
mail, voice mail and multimedia (Liebowitz, 1997; Hubbard, 1998). The core value 
building activity around information is managing the content that makes it easy to 
find, reuse and learn from experiences so that mistakes are not repeated and work is 
not duplicated. Table 4 shows a combination of latest technology used in 
construction industry based from this qualitative finding and technology components 
identified by Chapman et al. (2001).
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of the above technology support is illustrated in Fig. 6.
Users
Communication & 
Collaboration 
Tools
Project 
Management 
Tools
Integrated Database System
Integrated Server System
Integrated Wired and Wireless Network System
A pplication
Software
Database
Support
Hardware
Support
Figure 6: Latest Technology Support for Construction Consulting Industry
4.5 Barrier Management
As shown in KM-ITI-PP Framework (Figure 2), the implementation o f KM 
and ITIC to support project performance depends on internal push factors 
(management support and motivation and positive knowledge workers) and external 
push factors (Culture and Government Support, economic and technology). 
However, there are several barriers to the implementation of KM and ITIC. Before 
an organization can achieve project performance goals through the support from a 
successful KM and ITIC, the company must understand the barriers to KM and ITIC 
and develop methods in their planning to manage and overcome them. The findings 
show that the main barriers to the implementation o f Knowledge Management in 
Malaysian Construction Consulting Companies are not enough time, lack o f money, 
lack of management support, lack of team working culture among the consultants, 
lack of willingness to share problems, misunderstanding o f KM concepts, culture and 
political interference, lack of staff readiness and lack of expertise.
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rQ identified several approaches to manage the above 
II (1998) presented three approaches to manage barriers.
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The three methods include self-directed, knowledge services and networks, and 
facilitated transfer. Each approach builds on the other and can counter different 
barriers. The self-directed method helps to counter the problem of others not 
knowing that the knowledge already exists in the organization. The approach focuses 
on capturing information and making it available for others to use. The employees 
access the knowledge base's repository to get the information they need, when they 
need it. This method can also include systems that direct the user to someone who 
can help them. An example of this method is a Yellow Pages system, that basically 
serves as a map of expertise or who knows what in the organization. The next 
method of knowledge services and networks expands on the self-directing approach. 
According to O l^ell and Grayson (1998), this method has "knowledge managers and 
knowledge integrators add value by scanning the flow of information, and organizing 
or cpackagingNknowledge into more digestible and applicable format". Another key 
aspect o f this approach is the use o f groups getting together to share knowledge and 
learn from each other. The last approach introduced by O'Dell and Grayson (1998) 
is facilitated transfer. Facilitated transfer approach makes designated personnel 
responsible for assisting others in the knowledge sharing process. It includes the 
functions from the other two methods and adds a dedicated team to facilitate the 
process. This approach facilitates building the relationships to get people to use 
knowledge from others and it aids in providing the motivation needed to use the 
knowledge (O'Dell and Grayson, 1998).
Another approach o f managing the above barriers is to open up organizational 
boundary which was founded by Harvard Business School professor David Garvin 
(1998). Organizational boundary should be opened up to allow information flow. 
Several strategies such as conferences, meetings, and project teams, which either 
cross organizational levels or link the company and its customers and suppliers, can 
ensure a fresh flow o f ideas and the chance to consider competing perspectives 
(O i^ell and Grayson, 1998).
Finally, with regards to lack of management involvement and support, the 
organization should create environment for the management to give their
^ P D F^C om ple te
Your complimentary use period has ended. Thanif you for using PDF Complete.
Click Here to upgrade 
Unlimited Pages and £
295
:h as regular meeting between employees and managers, 
es present methods to improve their business processes
and their managers must make a decision to implement the recommendation or not at 
the meeting. This process encourages management support and helps the 
organization to create a learning environment. Furthermore, reward system should be 
established to illustrate the management appreciation to the efforts. This type of 
event helps to keep management involved in the knowledge sharing process and will 
ensure the success o f the programs (Stewart, 1997). The summary of the above 
barrier management is illustrated in Figure 7.
Barriers
Barrier
Management
Self-directed Knowledge Facilitated
approach Service & 
^  network ^
Transfer
Management 
Commitment 
& Support
Successful KM & ITI Implementation
Figure 7: Barrier Management in KM and ITI Implementation in Construction 
Consulting Company
5.0 Conclusion
This article has attempted to address the issues o f Knowledge Management 
(KM) and IT infrastructure capability (ITIC) contribution to project performance 
(PP) in construction consulting industry as well as other factors and barriers that 
affect the implementation of KM and ITI to support PP. The result o f qualitative 
analysis shows that there is a significant influence o f KM and ITIC to PP. The link 
between knowledge management, IT infrastructure and project performance was 
conceptualized in a way that knowledge Management, IT infrastructure, other factors
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ntribute to project performance by better quality, time 
rough project cycle. Based on the qualitative analysis,
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KM-ITI-PP framework has been derived to illustrate the effect o f KM, ITI, other 
factors and barriers to project performance.
To summarize, the above findings provide a guiding principle for Knowledge 
Management and IT infrastructure to facilitate Project Performance through the 
understanding of KM and ITI contribution to project performance. Furthermore, the 
findings also address the internal and external factors as well as barriers to ensure the 
success of the implementation. Thus, the management of Construction Consulting 
Companies should take advantage of the current positive perception and movement 
towards the implementation o f Knowledge Management and IT infrastructure to 
support Project Performance. As a matter of policy, expertise and culture 
development o f Knowledge Management and IT infrastructure needs further 
attention as an important support factors to the implementation of Knowledge 
Management and IT infrastructure in the companies, an educative environment such 
as awareness program, formal and informal training and seminars should also be 
given greater emphasis. Therefore, it is recommended that Construction Consulting 
Companies should develop strategies for change o f organizational policy and culture 
to stimulate the implementation o f Knowledge Management and IT infrastructure to 
facilitate project performance. As such, government bodies together with companies 
should work together to derive methodologies and approaches to facilitate the 
creation o f Knowledge and IT environment in consulting companies.
There are many areas that warrant further studies. For the present study, the 
sample was chosen from Construction Consulting Companies. Further comparative 
works may be conducted across different industries and cultures such as 
manufacturing, utility, agriculture etc. Comparisons among different industries can 
help to understand the pattern of KM and ITI strategies implemented across different 
industries, so that more focused research attention on KM-ITI and PP can be made. 
A possible study can be carried out on the private and public sectors in Malaysia. On 
the other hand, cross-cultural comparisons can provide better understanding on the 
influence of the socio-cultural interactions on the development and implementation 
of KM and ITI to support PP. For example, applying the conceptual model to the
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blic institution will provide further understanding on the 
d external factors, as the core business and orientation
may differ from that of a construction company.
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APPENDIX H 
SPSS OUTPUT
1. G raph (bar chart) of Descriptive Analysis of Demographic Variables
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it Variables
2.1.1 KM Front end Planning
****** Method 2 (covariance matrix) will be used for this analysis ***** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM1 Implementation of pre-project planning a
2. KM4 Availability of design standard for ever
3. KM5 Implementation of design effectiveness a
4. KM6 Implementation of cost effective enginee
Mean Std Dev Cases
1. KM1 3.9394 .7592 132.0
2. KM4 4.0682 .8306 132.0
3. KM5 3.9470 .6803 132.0
4. KM6 3.8333 .8024 132.0
Correlation Matrix
KM1 KM4 KM5 KM6
KM1 1.0000
KM4 .3939 1.0000
KM5 .4667 .4657 1.0000
KM6 .4344 .1546 .4452 1.0000
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 15.7879 5.0997 2.2583 4
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.9470 3.8333 4.0682 .2348 1.0613 .0092
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.5933 .4628 .6900 .2272 1.4908 .0097
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
KM1 11.8485 3.0150 .5720 .3289 .6062
KM4 11.7197 3.1804 .4149 .2714 .7062
KM5 11.8409 3.1424 .6196 .3877 .5882
KM6 11.9545 3.2346 .4232 .2784 .6981
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YSIS - SCALE (ALPHA)
Reliability Coefficients 4 items
Alpha = .7129 Standardized item alpha = .7218
2.1.2 Contracts
****** Method 2 (covariance matrix) will be used for this analysis ******
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM2 Implementation of early estimating in pr
2. KM15 Control of cost and schedule based on t
3. KM16 Appropriate actions taken based on the c
4. KM37 Availability of written process for proj
5. KM38 Usage of project incentive is implemente
Mean Std Dev Cases
1. KM2 3.9015 .7898 132.0
2. KM15 3.7879 .8740 132.0
3. KM16 3.8258 .8693 132.0
4. KM37 3.6212 .8870 132.0
5. KM38 3.4015 .9068 132.0
Correlation Matrix 
KM2 KM15 KM16 KM37 KM38
KM2 1.0000
KM15 .5003 1.0000
KM16 .4751 .6744 1.0000
KM37 .3713 .4569 .4583 1.0000
KM38 .4287 .4647 .4962 .6081 1.0000
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 18.5379 11.1665 3.3416 5
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.7076 3.4015 3.9015 .5000 1.1470 .0398
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.7505 .6238 .8223 .1985 1.3182 .0057 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
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•ected
-4tem-
if Item if Item Total
Squared
Multiple
Alpha 
if Item
Deleted Deleted Correlation Correlation Deleted
KM2 14.6364 8.0652 .5523 .3181 .8161
KM15 14.7500 7.2424 .6718 .5154 .7831
KM16 14.7121 7.2447 .6766 .5141 .7818
KM37 14.9167 7.4663 .6011 .4168 .8037
KM38 15.1364 7.2332 .6378 .4512 .7932
Reliability Coefficients 5 items
Alpha = .8300 Standardized item alpha = .8296
Construction
****** Method 2 (covariance matrix) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM3 Use of modularization and pre-assembly a
2. KM10 Implementation of material management at
3. KM11 Comprehensive material management traini
4. KM17 Implementation of risk management at the
5. KM18 Regular updating of database of good wor
6. KM19 Management of workers' compensation base
7. KM44 Utilisation of wireless technology for p
Mean Std Dev Cases
1. KM3 3.3409 .9794 132.0
2. KM10 3.6515 .8994 132.0
3. KM11 3.2197 .9436 132.0
4. KM17 3.3788 .9533 132.0
5. KM18 3.4015 .9874 132.0
6. KM19 3.2727 .9578 132.0
7. KM44 3.0379 1.0294 132.0
Correlation Matrix
KM3 KM10 KM11 KM17 KM18
KM3 1.0000
KM10 .3265 1.0000
KM11 .3561 .6396 1.0000
KM17 .4902 .4400 .5093 1.0000
KM18 .3468 .5370 .5765 .6644 1.0000
KM19 .4616 .3593 .4315 .5548 .5371
KM44 .3505 .2617 .3922 .4831 .5482
KM19 KM44
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R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 23.3030 24.5792 4.9577 7
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.3290 3.0379 3.6515 .6136 1.2020 .0353
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.9313 .8089 1.0596 .2507 1.3099 .0061
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
KM3 19.9621 19.2276 .5114 .3163 .8530
KM10 19.6515 19.2975 .5660 .4664 .8449
KM11 20.0833 18.4128 .6516 .5117 .8331
KM17 19.9242 17.8721 .7193 .5505 .8233
KM18 19.9015 17.5246 .7354 .6016 .8203
KM19 20.0303 18.4724 .6303 .4195 .8361
KM44 20.2652 18.6085 .5530 .3676 .8479
Reliability Coefficients 7 items
Alpha = .8572 Standardized item alpha = .8578
Material and Relationship Management
****** Method 2 (covariance matrix) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM8
2. KM9
3. KM13
4. KM14
Management of supplier relationship. 
Sharing and transfering knowledge with c 
Availability of specific documentation t 
Measurement of material management cost
Mean Std Dev Cases
1. KM8 3.6818 .8677 132.0
2. KM9 3.8636 .7890 132.0
3. KM13 3.8030 .7954 132.0
4. KM14 3.6970 .9241 132.0
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KM8 KM9 KM13
KM8 1.0000
KM9 .4490 1.0000
KM13 .2514 .2975 1.0000
KM14 .3834 .4036 .5413
N of Cases = 132.0
KM14
1.0000
N of
Statistics for Mean Variance Std Dev Variables 
Scale 15.0455 6.1964 2.4893 4
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.7614 3.6818 3.8636 .1818 1.0494 .0076
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.7155 .6225 .8540 .2316 1.3720 .0120
Item-total Statistics
Scale 
Mean 
if Item 
Deleted
Scale Corrected
Variance Item- Squared Alpha 
if Item Total Multiple if Item 
Deleted Correlation Correlation Deleted
KM8 11.3636 3.8668 .4620 .2508 .6818
KM9 11.1818 3.9972 .4998 .2702 .6595
KM13 11.2424 4.0477 .4737 .3008 .6738
KM14 11.3485 3.3433 .5915 .3854 .5990
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .7175 Standardized item alpha = .7169
2.1.5 People
****** Method 2 (covariance matrix) will be used for this analysis *****
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM22 Availability of formal and informal trai
2. KM23 Availability of appropriate tools to mea
^PDFComplete
Click Here to upgrade 
Unlimited Pages and
Your complimentary use period has ended. Thanif you for using PDF Complete.
5 s o u rc e s  t o  e n s u r e  m u l t i  
b a r r i e r s  f o r  im p le m e n t
-TE7CV
1. KM22 3.5985 .9796 132.0
2. KM23 3.3409 .9315 132.0
3. KM24 3.5985 .9560 132.0
4. KM25 3.5833 .8741 132.0
Correlation Matrix
KM22 KM23 KM24 KM25
KM22 1.0000
KM23 .5778 1.0000
KM24 .5438 .6007 1.0000
KM25 .5342 .5977 .5748 1.0000
305
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 14.1212 9.4966 3.0817 4
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.5303 3.3409 3.5985 .2576 1.0771 .0160
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.8763 .7640 .9597 .1957 1.2562 .0070
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
KM22 10.5227 5.5491 .6474 .4207 .8119
KM23 10.7803 5.5315 .7070 .5005 .7848
KM24 10.5227 5.5338 .6779 .4624 .7976
KM25 10.5379 5.8841 .6718 .4548 .8012
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .8412 Standardized item alpha = .8421
2.1.6 Startup and Operation
****** Method 2 (covariance matrix) will be used for this analysis ******
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YSIS - SCALE (ALPHA)
-Jesign for mantainabilit
2. KM21 Management of planning for startup to ea
3. KM26 Implementation of appropriate strategies
4. KM27 Implementation of comprehensive partners
5. KM28 Management of the organisational work st
6. KM29 Implementation of quality management at
7. KM30 Identification of barriers to the implem
8. KM31 Ability to adapt products and services t
9. KM32 Utilisation of appropriate strategies an
Mean Std Dev Cases
1. KM20 3.4318 .7735 132.0
2. KM21 3.3485 .8736 132.0
3. KM26 3.5909 .9647 132.0
4. KM27 3.1136 .9300 132.0
5. KM28 3.6061 .9226 132.0
6. KM29 3.6591 .8273 132.0
7. KM30 3.5530 .8409 132.0
8. KM31 3.7576 .7826 132.0
9. KM32 3.5455 .9110 132.0
Correlation Matrix
KM20 KM21 KM26 KM27 KM28
KM20 1.0000
KM21 .6341 1.0000
KM26 .4534 .4875 1.0000
KM27 .5361 .5804 .7414 1.0000
KM28 .4755 .5694 .6152 .6131 1.0000
KM29 .3869 .4931 .5987 .5865 .6828
KM30 .4750 .5046 .6010 .5535 .6076
KM31 .3129 .4595 .3530 .3003 .3424
KM32 .4973 .4787 .5512 .5750 .4937
KM29 KM30 KM31 KM32
KM29 1.0000
KM30 .6352 1.0000
KM31 .4491 .4489 1.0000
KM32 .4714 .5897 .6044 1.0000
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 31.6061 35.4772 5.9563 9
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.5118 3.1136 3.7576 .6439 1.2068 .0365
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Lum Maximum Range Max/Min Variance 
06 .3322 1.5552 .0137
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item 
Deleted Deleted Correlation Correlation Deleted
KM20 28.1742 29.7022 .6140 .4796 .9026
KM21 28.2576 28.3301 .6865 .5663 .8976
KM26 28.0152 27.1906 .7312 .6259 .8944
KM27 28.4924 27.3358 .7483 .6670 .8930
KM28 28.0000 27.5725 .7279 .5962 .8945
KM29 27.9470 28.5086 .7113 .5958 .8960
KM30 28.0530 28.2491 .7295 .5614 .8947
KM31 27.8485 30.3585 .5225 .4757 .9083
KM32 28.0606 27.9352 .6970 .5906 .8969
Reliability Coefficients 9 items
Alpha = .9080 Standardized item alpha = .9073
Project Control
****** Method 2 (covariance matrix) will be used for this analysis ***** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM33
2. KM34
3. KM35
4. KM36
Implementation of systems for change man 
Resources are sufficient to implement ch 
Measurement of cost and benefits of work 
There is a written process for work pack
Mean Std Dev Cases
1. KM33 3.4015 .9152 132.0
2. KM34 3.6439 .8301 132.0
3. KM35 3.3788 .8428 132.0
4. KM36 3.3106 .9818 132.0
Correlation Matrix
KM33 KM34 KM35 KM36
KM33 1.0000
KM34 .6016 1.0000
KM35 .5732 .4670 1.0000
KM36 .6163 .4271 .6870 1.0000
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Scale 13.7348 8.5933 2.9314 4
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.4337 3.3106 3.6439 .3333 1.1007 .0211
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.8002 .6890 .9639 .2748 1.3988 .0162
Item-total Statistics
Scale 
Mean 
if Item
Scale Corrected
Variance Item- Squared Alpha 
if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
KM33 10.3333 4.8499 .7209 .5322 .7691
KM34 10.0909 5.6405 .5741 .3842 .8320
KM35 10.3561 5.2081 .6953 .5215 .7827
KM36 10.4242 4.6889 .6916 .5457 .7844
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .8367 Standardized item alpha = .8370
Technology and Safety
****** Method 2 (covariance matrix) will be used for this analysis ****** 
_ R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM39 Implementation of zero accident techniqu
2. KM40 Implementation of design for safety for
3. KM41 Automatic identification of barriers/pro
4. KM42 Utilisation of electronic commerce is us
5. KM43 Management of fully integrated and autom
Mean Std Dev Cases
1. KM39 3.5303 1.1013 132.0
2. KM40 3.6288 1.0514 132.0
3. KM41 3.4924 1.0374 132.0
4. KM42 3.2424 .9817 132.0
5. KM43 3.4470 1.0138 132.0
Correlation Matrix
^ P D F^C om ple te
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KM42 KM43
w
KM41 .4779 .4698 1.0000
KM42 .5015 .4724 .6764 1.0000
KM43 .5040 .5293 .5222 .6113 1.0000
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables
Scale 17.3409 17.5241 4.1862 5
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.4682 3.2424 3.6288 .3864 1.1192 .0204
Item Variances Mean Minimum Maximum Range Max/Min Variance 
1.0772 .9637 1.2128 .2491 1.2585 .0086 
_ R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Item-total Statistics
Scale 
Mean 
if Item
Scale Corrected
Variance Item- Squared Alpha 
if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
KM39 13.8106 10.9944 .7280 .7682 .8272
KM40 13.7121 11.2753 .7284 .7694 .8272
KM41 13.8485 11.8547 .6429 .4947 .8486
KM42 14.0985 11.9063 .6870 .5616 .8381
KM43 13.8939 11.9276 .6525 .4557 .8461
Reliability Coefficients 5 items 
Alpha = .8658 Standardized item alpha = .8659 
Resource and Standard
****** Method 2 (covariance matrix) will be used for this analysis ******
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. KM45
2. KM46
3. KM47
4. KM7
5. KM12
1. KM45
2. KM46
Implementation of international standard 
Ability to capture employees' knowledge 
Ability to protects from loss of knowled 
Availability of computer-aided to design 
Resources are sufficient to implement ma
Mean Std Dev Cases
3.4427
3.4427
.9935
.8872
131.0
131.0
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.8839
131.0
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131.0
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Correlation Matrix
KM45 KM46 KM47 KM7
KM45 1.0000
KM46 .6922 1.0000
KM47 .6139 .6875 1.0000
KM7 .2304 .3783 .2330 1.0000
KM12 .4684 .4166 .3455 .2330
KM12
1.0000
N of Cases = 131.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 18.1069 11.5577 3.3997 5
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.6214 3.3969 4.2290 .8321 1.2449 .1210
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.8441 .7472 .9871 .2399 1.3211 .0106
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha 
if Item if Item Total Multiple if Item 
Deleted Deleted Correlation Correlation Deleted
KM45 14.6641 6.9632 .6880 .5502 .7142
KM46 14.6641 7.1479 .7637 .6273 .6928
KM47 14.7099 7.3306 .6377 .5099 .7326
KM7 13.8779 9.0927 .3295 .1556 .8240
KM12 14.5115 8.3595 .4729 .2448 .7847
Reliability Coefficients 5 items
Alpha = .7935 Standardized item alpha = .7904
Reliability Analysis for Information Technology Infrastructure
Integration Capability
****** Method 2 (covariance matrix) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. IT49 Manage communication network service (e.
^PDFComplete
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ig sevice (e.g., E-mail, 
unit workstation network 
applications (e.g., soft
6. IT54 Enforce IT architecture.
loi i i  a il.
Mean Std Dev Cases
1. IT49 4.3030 .9405 132.0
2. IT50 4.0758 .9460 132.0
3. IT51 3.8409 .9637 132.0
4. IT52 4.1364 .9553 132.0
5. IT53 3.6818 .9436 132.0
6. IT54 3.5455 .9440 132.0
Correlation Matrix 
IT49 IT50 IT51 IT52 IT53
IT49 1.0000
IT50 .7976 1.0000
IT51 .6010 .6748 1.0000
IT52 .6164 .5966 .5959 1.0000
IT53 .4105 .4462 .5819 .4973 1.0000
IT54 .4487 .5005 .5828 .5179 .6848
IT54
IT54 1.0000
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 23.5833 20.8098 4.5618 6
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.9306 3.5455 4.3030 .7576 1.2137 .0841
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.9004 .8846 .9287 .0441 1.0499 .0003
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
IT49 19.2803 14.7834 .7109 .6678 .8680
IT50 19.5076 14.4961 .7522 .7010 .8613
IT51 19.7424 14.3454 .7583 .5862 .8602
IT52 19.4470 14.7834 .6961 .4955 .8704
IT53 19.9015 15.2192 .6384 .5267 .8794
r
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Reliability Coefficients 6 items
Alpha = .8885 Standardized item alpha = .8884
Collaboration Capability
****** Method 2 (covariance matrix) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. IT55
2. IT56
3. IT57
4. IT58
Provide multimedia operations and develo 
Provide intranet capability for document 
Provide intranet capability for collabor 
Provide electronic support for groups (e
Mean Std Dev Cases
1. IT55 3.1364 .9228 132.0
2. IT56 3.5076 1.0593 132.0
3. IT57 3.4924 1.0301 132.0
4. IT58 3.5152 .9922 132.0
Correlation Matrix 
IT55 IT56 IT57 IT58
IT55 1.0000
IT56 .6237 1.0000
IT57 .6115 .8956 1.0000
IT58 .5897 .7661 .7806
N of Cases = 132.0
1.0000
N of
Statistics for Mean Variance Std Dev Variables 
Scale 13.6515 12.6410 3.5554 4
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.4129 3.1364 3.5152 .3788 1.1208 .0341
Item Variances Mean Minimum Maximum Range Max/Min Variance 
1.0048 .8515 1.1221 .2706 1.3178 .0136
Item-total Statistics
Scale 
Mean 
if Item
Scale Corrected
Variance Item- Squared Alpha 
if Item Total Multiple if Item
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IT58
10.1591
10.1364
313
6.8676
7.3706
irrelation Correlation Deleted
.6499 .4235 .9295
.8701 .8190 .8548
.8729 .8249 .8539
.7955 .6446 .8824
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .9094 Standardized item alpha = .9078
Data Management Capability
****** Method 2 (covariance matrix) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. IT59 Provide data management advisory and con
2. IT60 Manage business-unit data, including sta
3. IT61 Manage database management system.
4. IT62 Manage, maintain and support large scale
5. IT67 Utilise Information System (IS) for proj
6. IT68 Utilise IS planning of business units.
Mean Std Dev Cases
1. IT59 3.4697 .8688 132.0
2. IT60 3.3258 .8242 132.0
3. IT61 3.4091 .8467 132.0
4. IT62 3.4318 .9012 132.0
5. IT67 3.5227 .8052 132.0
6. IT68 3.4242 .8482 132.0
Correlation Matrix 
IT59 IT60 IT61 IT62 IT67
IT59 1.0000
IT60 .7228 1.0000
IT61 .6708 .7811 1.0000
IT62 .6262 .6827 .8172 1.0000
IT67 .6394 .6041 .6805 .6544 1.0000
IT68 .5873 .6088 .6069 .6174 .8017
IT68
IT68
1.0000
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
r
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L U 1 .1 U U  l u i --------------- t t t ™ , — ■ StdDev Variables
Scale 20.5833 18.8861 4.3458 6
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.4306 3.3258 3.5227 .1970 1.0592 .0043
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.7218 .6483 .8121 .1638 1.2526 .0033
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
IT59 17.1136 13.3687 .7497 .5951 .9156
IT60 17.2576 13.4141 .7938 .6946 .9097
IT61 17.1742 13.0457 .8377 .7762 .9037
IT62 17.1515 12.9387 .7921 .6961 .9101
IT67 17.0606 13.5688 .7871 .7174 .9108
IT68 17.1591 13.5394 .7413 .6737 .9166
Reliability Coefficients 6 items
Alpha = .9248 Standardized item alpha = .9252
Security and Utility
****** Method 2 (covariance matrix) will be used for this analysis *****
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. IT63
2. IT64
3. IT65
4. IT66
Provide security for firm-wide database 
Implement disaster planning and recovery 
Provide technological advice and support 
Provide training services for newtechnol
Mean Std Dev Cases
1. IT63 4.0530 .9909 132.0
2. IT64 4.0833 1.0267 132.0
3. IT65 3.6364 .8673 132.0
4. IT66 3.6742 .9037 132.0
Correlation Matrix 
IT63 IT64 IT65 IT66
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0000
^755 1.0000
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 15.4470 10.0048 3.1630 4
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.8617 3.6364 4.0833 .4470 1.1229 .0572
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.9012 .7523 1.0541 .3018 1.4012 .0197
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
IT63 11.3939 5.6452 .7173 .6462 .8030
IT64 11.3636 5.3629 .7545 .6737 .7865
IT65 11.8106 6.5058 .6208 .4755 .8423
IT66 11.7727 6.1006 .6916 .5387 .8144
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .8529 Standardized item alpha = .8528
Other Utility
****** Method 2 (covariance matrix) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. IT69 Utilise IS to manage and negotiate with
2. IT70 Provide management information electroni
3. IT71 Develop and manage electronic linkages t
4. IT72 Develop a common systems environment.
Mean Std Dev Cases
1. IT69 3.4015 .8183 132.0
2. IT70 3.2727 .8832 132.0
3. IT71 3.4242 .9006 132.0
4. IT72 3.3333 .9383 132.0
r
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IT72
IT69 1.0000
IT70 .5656 1.0000
IT71 .5336 .7748 1.0000
IT72 .4805 .6817 .7348
N of Cases = 132.0
1.0000
N of
Statistics for Mean Variance Std Dev Variables 
Scale 13.4318 9.0869 3.0145 4
Item Means Mean Minimum Maximum Range Max/Min Variance
3.3580 3.2727 3.4242 .1515 1.0463 .0047
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.7853 .6696 .8804 .2108 1.3148 .0077
Item-total Statistics
Scale 
Mean 
if Item 
Deleted
Scale Corrected
Variance Item- Squared Alpha 
if Item Total Multiple if Item 
Deleted Correlation Correlation Deleted
IT69 10.0303 6.0754 .5805 .3475 .8898
IT70 10.1591 5.1272 .7950 .6521 .8093
IT71 10.0076 5.0152 .8084 .6852 .8031
IT72 10.0985 5.0971 .7339 .5746 .8347
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .8724 Standardized item alpha = .8712
Reliability Test for Project Performance 
Project time
****** Method 2 (covariance matrix) will be used for this analysis ******
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. PP74 The time limit for the project is clearl
2. PP75 Project activities are executed in accor
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are carried out exact 
it for the project is c
-ev Cases
1. PP74 4.1591 .8456 132.0
2. PP75 4.0455 .8459 132.0
3. PP76 3.7879 .9082 132.0
4. PP80 3.9394 .9226 132.0
Correlation Matrix 
PP74 PP75 PP76 PP80
1.0000
.4036 1.0000
PP74 1.0000
PP75 .7476 1.0000
PP76 .5214 .5989
PP80 .4821 .4828
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 15.9318 8.0793 2.8424 4
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.9830 3.7879 4.1591 .3712 1.0980 .0250
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.7766 .7150 .8513 .1363 1.1906 .0051
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
PP74 11.7727 4.7418 .7121 .5830 .7435
PP75 11.8864 4.6206 .7544 .6274 .7238
PP76 12.1439 4.8570 .5989 .3831 .7953
PP80 11.9924 5.0457 .5265 .2805 .8295
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .8207 Standardized item alpha = .8241
Project Cost
***** Method 2 (covariance matrix) will be used for this analysis *****
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l i
2. PP78
3. PP79
4. PP82
YSIS - SCALE (ALPHA)
....nnally finished on time 
The project meetings have well-planned a 
The final date of project completion is 
The project is normally completed within
Mean Std Dev Cases
1. PP77 3.5758 .9971 132.0
2. PP78 3.8636 .8540 132.0
3. PP79 4.0606 .9390 132.0
4. PP82 3.5303 1.0071 132.0
Correlation Matrix
PP77 PP78 PP79 PP82
PP77 1.0000
PP78 .5770 1.0000
PP79 .5576 .6101 1.0000
PP82 .6286 .5285 .4985 1.0000
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 15.0303 9.7395 3.1208 4
Item Means Mean Minimum Maximum Range Max/Min Variance
3.7576 3.5303 4.0606 .5303 1.1502 .0626
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.9049 .7294 1.0143 .2850 1.3907 .0171
Item-total Statistics
Scale Scale Corrected
Mean Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
PP77 11.4545 5.4559 .7062 .5057 .7782
PP78 11.1667 6.1399 .6782 .4724 .7939
PP79 10.9697 5.8922 .6505 .4459 .8030
PP82 11.5000 5.6107 .6528 .4467 .8035
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
Reliability Coefficients 4 items
Alpha = .8378 Standardized item alpha = .8395
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-rix) will be used for this analysis **
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. PP81 Project executors conform to the planned
2. PP87 Project executor maintains all activitie
3. PP90 All key participants were involved in th
4. PP91 Project superiors (Top management, Steer
5. PP93 The project has met its planned quality
6. PP95 All experiences gained through this proj
7. PP96 All report documents from this project a
Mean Std Dev Cases
1. PP81 3.7500 .9111 132.0
2. PP87 3.7803 .8937 132.0
3. PP90 3.7197 .9675 132.0
4. PP91 3.7955 .8537 132.0
5. PP93 3.8030 .8510 132.0
6. PP95 3.7273 .9087 132.0
7. PP96 3.7273 .9171 132.0
Correlation Matrix
PP81 PP87 PP90 PP91 PP93
PP81 1.0000
PP87 .6164 1.0000
PP90 .5780 .6698 1.0000
PP91 .5128 .6310 .6786 1.0000
PP93 .6350 .7255 .6370 .5850 1.0000
PP95 .5255 .5836 .5201 .5376 .6506
PP96 .5664 .5504 .5412 .5327 .6153
PP95 PP96
PP95 1.0000
PP96 .6703 1.0000
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 26.3030 26.0296 5.1019 7
Item Means Mean Minimum Maximum Range Max/Min Variance
3.7576 3.7197 3.8030 .0833 1.0224 .0012
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.8121 .7243 .9361 .2118 1.2925 .0053
r
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PP81
PP87
PP90
PP91
PP93
PP95
PP96
Mean 
if Item 
Deleted
22.5530
22.5227
22.5833
22.5076
22.5000
22.5758
22.5758
Variance 
if Item 
Deleted
T T T T T -e c te d
Item-
Total
Squared
Multiple
Alpha 
if Item
Correlation Correlation Deleted
19.5773
19.1522
18.8709
19.9007
19.3511
19.5133
19.4675
.6973
.7771
.7403
.7090
.7952
.7088
.7069
.5020
.6356
.5924
.5423
.6524
.5565
.5439
.9024
.8938
.8980
.9011
.8924
.9012
.9014
Reliability Coefficients 7 items
Alpha = .9119 Standardized item alpha = .9125
Project Scope
****** Method 2 (covariance matrix) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
1. PP83 The project has clear and exact goals
2. PP84 The project missions are clearly stated.
3. PP85 The goal of the project is accepted by t
4. PP86 The project that fulfils its goals, the
5. PP88 The master plan is regarded as mandatory
6. PP89 The master plan clearly indicates who wi
7. PP92 Project quality is well defined during i
8. PP94 The quality parameters for the project a
Mean Std Dev Cases
1. PP83 4.0227 .8423 132.0
2. PP84 3.9167 .8653 132.0
3. PP85 3.7803 .9516 132.0
4. PP86 3.9773 .8950 132.0
5. PP88 3.8939 .8127 132.0
6. PP89 3.8485 .9204 132.0
7. PP92 3.8485 .8424 132.0
8. PP94 3.8485 .7862 132.0
Correlation Matrix
PP83 PP84 PP85 PP86
PP83 1.0000
PP84 .7672 1.0000
PP85 .7111 .7656 1.0000
PP86 .6792 .6284 .6305 1.0000
PP88 .5723 .6387 .5125 .4899 1.0000
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5544 .4869 .6417
5057 .5927 .4893
5388 .5701 .5482
1.0000
.6003 1.0000
.6221 .6681 1.0000
R E L I A B I L I T Y A N A L Y S I S - S C A L E (A L P H A)
N of Cases = 132.0
N of
Statistics for Mean Variance Std Dev Variables 
Scale 31.1364 31.8897 5.6471 8
Item Means Mean Minimum Maximum Range Max/Min Variance 
3.8920 3.7803 4.0227 .2424 1.0641 .0062
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.7500 .6181 .9056 .2875 1.4651 .0093
Item-total Statistics
Scale
Mean
Scale Corrected 
Variance Item- Squared Alpha
if Item if Item Total Multiple if Item
Deleted Deleted Correlation Correlation Deleted
PP83 27.1136 24.3458 .8223 .7190 .9131
PP84 27.2197 23.9895 .8437 .7512 .9113
PP85 27.3561 23.8188 .7714 .6473 .9171
PP86 27.1591 24.8066 .7046 .5278 .9222
PP88 27.2424 25.7118 .6695 .5088 .9244
PP89 27.2879 24.5730 .7090 .5731 .9220
PP92 27.2879 24.9394 .7417 .6026 .9192
PP94 27.2879 25.1531 .7759 .6188 .9170
Reliability Coefficients 8 items
Alpha = .9278 Standardized item alpha = .9286
M easure of Sampling Adequacy
The high value of 0.767 for the Kaiser-Meyer-Olkin Measure of Sampling Adequacy 
indicates that the proportion o f variance in the variables be caused by underlying 
factors thus allowing for the application of factor analysis. This is supported by the 
Bartlett's test of sphericity value of 0.00 that is less than 0.05 thus proving that the 
analysis is significant (Table A1).
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r\aiaci-Meyer-Olkin Measure of Sampling 
Adequacy. .767
Bartlett's Test of Approx. Chi-Square 
Sphericity
df
12125.712
4851
Sig. .000
Table A2 shows the proportion of variance accounted for in each item by the rest of 
the other items. Since all o f the values obtained are more than 0.4, the extraction 
communalities using principal component analysis for this solution are acceptable.
Table A2: Communalities
ITEMS Initial Extraction
Implementation of pre-project planning at the corporate and project level. 1.000 .837
Implementation of early estimating in project planning and risk management. 1.000 .828
Use of modularization and pre-assembly as a tool at project level. 1.000 .642
Availability of design standard for every project. 1.000 .768
Implementation of design effectiveness at the project level. 1.000 .749
Implementation of cost effective engineering for every aspect in project 
design. 1.000 .639
Availability of computer-aided to design every project. 1.000 .714
Management of supplier relationship. 1.000 .725
Sharing and transferring knowledge with clients, customers and suppliers. 1.000 .811
Implementation of material management at project level. 1.000 .748
Comprehensive material management training program. 1.000 .732
Resources are sufficient to implement material management (e.g. time, 
computer and people). 1.000 .766
Availability of specific documentation to support the implementation of 
material management (e.g. file documents, database, etc.). 1.000 .692
Measurement of material management cost and benefits. 1.000 .696
Control of cost and schedule based on the master plan. 1.000 .771
Appropriate actions taken based on the cost and schedule control for every 
project. 1.000 .759
Implementation of risk management at the project level. 1.000 .763
Regular updating of database of good work practices for risk management, lessons learned and listing of experts. 1.000 .772
Management of workers' compensation based on regional standard. 1.000 .722
Availability of design for maintainability to measure project performances. 1.000 .672
Management of planning for startup to ease collaboration work of projects or 
teams that are physically separated (i.e., different work sites). 1.000 .798
Availability of formal and informal training to keep employees' skills current. 1.000 .737
Availability of appropriate tools to measure productivity measurement. 1.000 .646
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3 multi-skilling of employees at the projectIP 1.000 .729nentation of project team. 1.000 .790
1.000 .711project.
Implementation of comprehensive partnership training program. 1.000 .789
Management of the organisational work structure at the project level. 1.000 .782
Implementation of quality management at the project level. 1.000 .784
Identification of barriers to the implementation of products and services 
based on planning and design. 1.000 .797
Ability to adapt products and services to client requirements. 1.000 .747
Utilisation of appropriate strategies and experiences to determine 
benchmark. 1.000 .756
Implementation of systems for change management. 1.000 .819
Resources are sufficient to implement change management (e.g. time, 
computers, and people). 1.000 .745
Measurement of cost and benefits of work packaging. 1.000 .816
There is a written process for work packaging implementation within the 
project. 1.000 .813
Availability of written process for project delivery and contract strategies 
within the project. 1.000 .756
Usage of project incentive is implemented at the project level. 1.000 .787
Implementation of zero accident techniques at the project level. 1.000 .850
Implementation of design for safety for every project. 1.000 .845
Automatic identification of barriers/problems for project processes (design, 
control, crash program, etc.) using information technology (software 
application: Primavera, Microsoft project, ETABS, SAP2000, etc).
1.000 .789
Utilisation of electronic commerce is used to increase number of markets 
(e.g., website, E-mail, etc). 1.000 .746
Management of fully integrated and automated project using information 
technology (i.e., database, filing system, sharing data, etc). 1.000 .764
Utilisation of wireless technology for project processes. Wireless technology 
is implemented for project processes. 1.000 .748
Implementation of international standards to improve the competitive 
advantage. 1.000 .752
Ability to capture employees' knowledge from other sources (i.e., other 
business enterprises, industrial associations, technical literature, public 
research institutions including universities and government laboratories). 1.000 .822
Ability to protects from loss of knowledge due to worker's departures. 1.000 .763
Manage communication network service (e.g., phone contact, fax, etc). 1.000 .808
Manage messaging sevice (e.g., E-mail, Notice board, etc). business unit 
workstation networks (e.g, LAN/stand alone PC). 1.000 .840
Manage business unit workstation networks (e.g., LAN/ stand alone PC). 1.000 .746
Manage business applications (e.g., software applications: Microsoft Office, 
Microsoft Project, Primavera, etc). 1.000 .789
Recommend standards for IT architecture components (e.g., hardware, 
operating systems, and communications). 1.000 .825
Enforce IT architecture. 1.000 .774
Provide multimedia operations and development (e.g., video conferencing). 1.000 .729
Provide intranet capability for document management. 1.000 .887
Provide intranet capability for collaboration (e.g., local resource sharing). 1.000 .840
Provide electronic support for groups (e.g., documents, tutorials, CD 
software, etc). 1.000 .805
Provide data management advisory and consultancy services. 1.000 .732
Manage business-unit data, including standards (e.g., oracle, database 
system). 1.000 .761
Manage database management system. 1.000 .818
Manage, maintain and support large scale data processing facilities. 1.000 .802
Provide security for firm-wide database and applications (e.g., file/data 
backup, anti virus software, etc). 1.000 .814
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recovery system for business units (e.g.,IP 1.000 .830support services for internal requirement. 1.000 .750
B .  -......^ ™ — ............ technologies (e.g., software training, etc) 1.000 .776
Utilise Information System (IS) for project management. 1.000 .834
Utilise IS planning of business units. 1.000 .780
Utilise IS to manage and negotiate with suppliers and subcontractor (by tenders, quotations in buying or dealing). 1.000 .737
Provide management information electronically (e.g., EIS). 1.000 .844
Develop and manage electronic linkages to suppliers or customers (e.g., 
website, E-mailaddress, etc). 1.000 .774
Develop a common systems environment. 1.000 .815
The time limit for the project is clearly stated. 1.000 .822
Project activities are executed in accordance to the time schedule. 1.000 .818
Project activities are carried out exactly as planned. 1.000 .785
The project is normally finished on time. 1.000 .792
The project meetings have well-planned agenda. 1.000 .788
The final date of project completion is clearly defined. 1.000 .723
The financial limit for the project is clearly stated. 1.000 .768
Project executors conform to the planned cost schedule for all activities. 1.000 .768
The project is normally completed within budget. 1.000 .728
The project has clear and exact goals 1.000 .821
The project missions are clearly stated. 1.000 .818
The goal of the project is accepted by those involved in the project. 1.000 .807
The project that fulfils its goals, the results will benefit for the end users. 1.000 .776
Project executor maintains all activities within quality parameters. 1.000 .732
The master plan is regarded as mandatory for all project participants (e.g., 
contractor, supplier, etc). 1.000 .733
The master plan clearly indicates who will be responsibility for the various 
activities in the project. 1.000 .769
All key participants were involved in the detailed project planning. 1.000 .821
Project superiors (Top management, Steering Committee, etc) are 
accessible to the key executors whatever necessary. 1.000 .769
Project quality is well defined during its execution. 1.000 .796
The project has met its planned quality standard. 1.000 .831
The quality parameters for the project are clearly stated. 1.000 .796
All experiences gained through this project have been discussed in a special 
meeting and/or in a final evaluation report. 1.000 .786
All report documents from this project are or will be compiled in a separate 
end-of-project report or file. 1.000 .711
Type of Company 1.000 .795
Company Ownership 1.000 .815
Position 1.000 .829
Working Experience 1.000 .757
Education Level 1.000 .709
Extraction Method: Principal Component Analysis.
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